115 Volts... + 15%. Is that what 
you meant when you specified the 
label rating. That’s what your 
equipment will be up against when 
it?s at the mercy of commercial 
line voltages. | | 

If your equipment will not stand 
that tolerance, youre saddling 
your customers with a serious 
problem and one which few will 
inderstand. Yourequipment willbe 
blamed for any breakdown or un- 
satisfactory performance—not the 
fluctuating voltage that caused it. 


You can relieve your customers 


Transformers for: Constant Voltage 
Oil Burner Ignition + X-Ray ° Power ° 


Manufactured under license by: EN 


DURANCE ELECTRIC CO., Concord West, N. S. W., Aus 
UCOA RADIO S.A., Buenos Aires, Argentina - M. 


of this problem, eliminate costly 
service calls... and... accom- 
plish all this at an actual saving in 
original design costs. I'he answer 
is... “include a SOLA Constant 
Voltage Transformer as a built- 
in component.” | 


SoLA Constant Voltage Trans- 
formers are available in 31 standard 
designs in capacities from 10VA 
to 15KVA .. . or special units 
can be custom built to your 
specifications. Whether your prod- 
uct is designed for home, science 
or industry—Constant Voltage is 


Cndilinil Vollage 


TRANSFORMERS | ore” | 


» Cold Cathode Lighting 
Controls * Signal Systems ° efc. * SOLA EL 


e Airport Lighting. ee e Fluorescent Lighting ° Luminous Tube Signs 
© MPANY, 4633 W. 16th Street, Chicago 50, Illinois . 


your problem. May we make recom- 
mendations for your equipment? 


This book provides the answer 
to your Constant Voltage 
problem. 


Ask for 


) 
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Stupakoff 


Ceramic and Manufacturing Co. — 


Latrobe, Pa. 


Cable Address 'STUPAKOFF, LATROBE, PA."' 


Complete dimensions, capacities and rat- 
ings for more than one hundred and sixty 
different standard Stupakoff Kovar-Glass 
Terminals are included in Bulletin 447, 
pages of which are reproduced above. In 
addition to these, Stupakoff is prepared to 
make special designs when required. The 
illustrations at the left show a few of the 
varieties of terminals listed in this bulle- 
tin. If you use—or expect to use—metal- 
glass terminals, you should have a copy 


of this informative data book. Send today 
—it's free! 


vit oir edlelee Lisle SS dacs lin % 


ATTACH THIS COUPON TO YOUR BUSINESS LETTERHEAD 


ann SEND TODAY | 


STUPAKOFF CERAMIC & MFG. Co. 
Please send a copy of Bulletin 447 to; 
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oF Good 
ELECT RICAL 
Ay PLIANCES 


1 Have unusually large bore compared to outside 


diameter. 
2 Are compact, light in weight. 
2 Allow greater latitude in design. 
4 Provide utmost in accuracy, rigidity, load capac- 


ity and friction-free operation. 
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A graphic example of the utility of load-center 
unit substations. The power needed for operating 
the machinery widely spread over this large 
factory floor is brought in at high voltage to 
strategically located indoor substations each of 
which reduces the voltage and distributes power 
economically to the loads in the individual area 
it is assigned to serve. The relative advantages 
of askarel and dry-type transformers in such 
service is outlined in the article on p. 31. 
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vibrator power supplies 


pee originally to meet exacting military requirements for 


aircraft communications in the sub-stratosphere, hermetically- 
sealed Mallory Vibrators are standard equipment with every standard 


stock Vibrapack. 


Hermetically-sealed vibrators assure longer life and greater depend- 
ability under adverse conditions such as high humidity, corrosive atmos- 


phere and high altitudes. 


When you need a mobile or portable power supply to provide high voltage 
from a low voltage DC source, specify Vibrapacks. Other features include: 


Nominal input voltages of 6, 12 and 32 volts DC. 
Nominal output voltages from 125 to 400. 


Models available with switch for four output 
voltages in approximate 25-volt steps. 


Heavy-duty models with 60-watt capacity. 


Our Engineering Department will be glad to 
assist you with your designs for vibrator 
powered equipment. With our many years of 
experience and research to help us, we are pre- 
pared to answer any vibrator or vibrapack 
design problem you may have. Write to us 
today, or see your nearest Mallory distributor 
for free descriptive literature and a stock of 


standard types. 


P. Ry MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


4 GENERAL ELECTRIC REVIEW 


November, 194'7 


Go aluminum the whole way! When you assemble 
aluminum parts, fasten them together with alumi- 
num... Alcoa Aluminum Bolts, Screws, Nuts, and 
Washers. Then you'll get the advantages of alumi- 
num alltheway through your product. Herethey are: 
e High strength-weight ratio of Alcoa Aluminum 
Fasteners. 
e No rusting of fasteners to weaken the assembly and 
spoil painted surfaces. 
¢No binding and freezing of fasteners to make 
inspection and repairs difficult. 


f 


MORE people want 
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YRE aluminum for M 


° No need for insulation and protection to prevent 
galvanic corrosion between aluminum and dissimilar 
metal fasteners. 

¢ Uniformly good appearance of the assembly with- 
out painting the fasteners. 

© Complete line of standard threads, sizes, types, and 
alloys to fit all needs. 

They’re available NOW from your nearby Alcoa 
Aluminum Distributor. Or write to: ALUMINUM 
Company OF AMERICA, 1794.Gulf Bldg., Pittsburgh 
19, Pa. Sales offices in 55 leading cities. 


YORE uses than ever 


7 


REG. TM. 
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Ohmite maintains what is believed to be the largest, most 
complete stock of wire-wound rheostats and resistors, rotary 
tap switches, and chokes in the world. Available in great 
variety —actually in 1859 types, sizes and values. 
Rheostats—Stocked in 25, 50, 100, 150, 300, and 500-watt 
sizes, each carried in at least 22 different resistance values— 


from 0.5 ohms to as high as 10,000 ohms. 


Resistors—Among the stock vitreous-enameled, wire-wound, 


fixed resistors are 5, 10, 20, 25, 50, 100, 160, and 200-watt 


Hi MIT E RHEOSTATS ¢ RESISTORS 


TAP SWITCHES e CHORES 


sizes. Also “DIVIDOHM” adjustable resistors rated at 10, 
25, 50, 75, 100, 160, and 200 watts. Both types of resistors 
are available in at least 24 and up to 47 resistance values 
from 1 ohm to 250,000 ohms. Also “LITTLE DEVIL” in- 
sulated composition resistors in all RMA values, 

For experimental work or small production runs, you can 
get reasonable quantities of these units from Ohmite distrib- 
utors in your city. Quantities not available locally can be 


shipped promptly from our large factory stock. 


OHMITE MANUFACTURING COMPANY 
4812 Flournoy Si., Chicago 44, aU. 


RHEOSTATS * RESISTORS 
TAP SWITCHES 
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local radio interference—you’ ll: 
sledding against today’s keen competition. 
Your customers are demanding radio 
noise-free performance in the electrical: 
equipment they buy. 


The answer, of course, is to equip your 
products with C-D Quietones. Why 
Quietones ? First, because-they’re the best- 


engineered noise filters — second, because 


they guard your product’s. reputation by 
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‘product 


IS MORE SALEABLE WITH 
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giving long trouble-free service — third, 
because they’re designed and built to meet 
manufacturers’ specific needs — efficiently 
and economically. : 


Speed up sales — build prestige — boost 
profits with C-D Quietones. Your inqui- 
ries are invited. Cornell-Dubilier Electric 
Corporation, Dept.M-11, South Plainfield, 
New Jersey. Other large plants in New 
Bedford, Brookline and Worcester, Mass., 
and Providence, Rhode Island. 


Make Your Product More Saleable 
with C-D Quietone Radio Noise Filters 


and Spark Suppressors 
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POLYDIRECTIONAL PERMEABILITY CHART 


SCALE FOR CURVE A SCALE FOR CURVE B 
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MAXIMUM CORE LOSSES 


ARMCO TRAN-COR X_............-+ 1.00 watt per pound 
; ARMCO TRAN-COR XX .............. 0.90 watt per pound 
Newest development of Armco Research is a group of ARMCO TRAN-COR XXX.............. 0.80 watt per pound 


oriented electrical steel grades known as ARMCO TRAN- 
Core loss tests on Armco oriented electrical steels are made 


Cor X, XX and XXX. at an induction of 96,750 lines psi. (15 kilogausses). Test 
; : : Seis limits are based on the general testing procedure approved 
They make possible the design of lighter cores with by the American Society for Testing Materials, except that 


parallel-grain specimens are given a stress-relieving anneal 


higher operating inductions. And they give the trans- 
j after shearing. 


former designer three cold-reduced grades with these 


unusual advantages: lower core loss concurrent with 


GET THIS BOOKLET 


If you.can profit from the advantages of these new 
steels in your electrical products, write for additional 
tained only at the expense of permeability. information. We shall be glad to send you a copy of the 
All Armco oriented electrical steels are CARLITE In- booklet ‘‘Armco Oriented 
sulated. CARELITE Insulation assures minimum inter-lam- Electrical Steels.’’ Just ad- 
dress The American Rolling 
Mill Co., 368 Curtis Street, 
Middletown, Ohio. 


higher permeability in the rolling direction, and a higher 


space factor. Heretofore, lower core loss has been ob- 


ination loss. This special surface treatment also increases 
rust-resistance and improves shear and die life. Its ex- 
treme thinness has practically no effect on space factor. 

The new grades are rolled .014” thick only. They are | ___ 


supplied in 30-inch wide coils, or in slit coils down to 1”, . 
and in sheets 3034” x 120”. 


ARMCO ORIENTED STEEL 


| PLAINVILLE, CONNECTICUT 
OTHER FACTORIES AT NORWOOD, OHIO ° SAN FRANCISCO «+ SEATTLE » NORTH HOLLYWoopD 
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Sources of three thousand and five hundred pound per 
square inch Presser for operating extensive batteries 
of molding presses in the manufacture of laminated plastics 


(See ‘‘ For Laminated Plastics,” page 51) 


ELECTRO-HYDRAULICS FOR PLASTICS MOLDING 


FOR THOSE 


WHO WORK FOR ACHIEVEMENT 


Our real concern today is with the alien minds of all ages 
who for one reason or another have never been able to 
understand the rules, the compensations, and the great 
satisfactions that are inherent in the American way of life 


By CHARLES E. WILSON 


President, General Electric Company 


HE nation’s real concern today is with the 
alien minds of all ages who for one reason or 
another have never been able to understand 
the rules, the compensations, and the great satisfactions 
that are inherent in the way of life of the great American 
middle class. Instead we find them counting the hours, 
counting the dollars, exploiting the prejudices and 
hates, and indulging in the tragic luxury of setting one 
man against another. It often seems that what they do 
not understand, they feel they must destroy. 
With this as a taking-off point, there are one or two 
things that I would like to examine briefly to see 
whether there is anything more that can be done to 


send the stock of stability and peace up a few points in 


our local market. 


Recovery Not Alone A Physical Task 
It is a fact that we usually plunge abruptly into a war. 


Overnight, our routine existence is swept away and 


replaced by crashing disorder. But we emerge from a 
great war with no such suddenness, despite the pathetic 
eagerness with which we may set apart an Armistice 
Day, or a VE Day, or a VJ Day. It is fairly easy for 
historians to draw the sharp date-line across which a 
nation steps when the shooting begins. But to name the 
day on which we have climbed back to normal living 
and working, when we can truthfully say that now war 
and all of its disturbances have finally ceased, is 
beyond the power of any of us. | 


Today, for example, we have not even yet concluded 
peace treaties with our two principal adversaries, not 
because there was anything inconclusive about our 
military victory, but for reasons largely economic and 
political in nature having little to do with the war itself. 
So we have not taken the first stumbling step towards 
world reconstruction, and the very vehicle aboard 
which we were to ride out of the ruins—The United 
Nations—seems hub-deep in futility and bitterness. 
Those who have slaved over Latin in their school days 
will recall that Virgil said about the same thing—that 
“The descent into hell is easy, but to climb back to 
solid ground and the upper regions is the real task.”’ 


This article is based on an address by Mr. Wilson to the members of the 
General Electric Quarter Century Club in August this year. The theme of 
those remarks applies equally well however to all serious-minded workers 
who believe in true democracy.—ED. 


This article is so paged that, without mutilating other articles, it can be 
conveniently removed for separate filing by tearing out pages 11 to 13.—Ep. 
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We have been down to hell in one capacity or another, 
most of us for the second time in our generation, and 
now we are finding that the road back is longer and 
rougher than ever before. It is also a more treacherous 
road than it was after the last war. It is one thing to 
put shattered buildings back together and attempt to 
heal broken bodies. For all their enormity, those are 
physical tasks, which challenge our skill and technique, 
like getting a refrigerator line or a turbine shop back 
into production, and we will do them to the best of our 
ability. 

But today we are finding that our biggest job is to 
deal with men’s minds, with their convictions, and with 
their faith. This is a job that requires as much planning, 
patience, and hard work as the building of a factory 


or laying out a sales campaign, and we must give it just 


that. We have not only to produce more goods in 
America, but to produce more faith and unity in 
America, and export those excellent commodities to 
the rest of the world. 


And because of that great need, because the best 
medicine for sick patients is a veteran doctor, with a 
mature bedside manner, I think it appropriate that all 
of us, particularly those who have spent years of our 
lives in American industry and know it as intimately as 
we know our own hands, might examine together a 
couple of the things we believe in. 


The Way It Looks 
To somebody standing off the earth a little distance 


-and looking at us here it might seem that we are in 


good shape and have little to worry about. And I think 
that. many years ago, when communication was less 
developed and any state or country was more isolated in 
time, we might have thought that ourselves. Certainly, 
we in this country have the comforting outward appear- 
ances of healthy activity, and prosperity—enough to 
eat and wear, the highest employment in our history, 
expanding factories and commercial establishments, 
high wages, and the right to speak and vote as we see 
fit. And yet I know that most of us are deeply worried 
about the future. The reason for this worry lies in what 
is happening elsewhere in the world. To a greater extent 
than ever before, each of us is informed about world 
affairs, and is painfully aware of the direct threat to 
our own welfare which is posed by the starvation and 
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violence in Europe and Asia. We are uncomfortably 
aware that we have Palestine, India, Russia, and 
Great Britain—to name just a few—tright in our lap. 
Nobody wants to sit still and watch helplessly while 
the grim pattern of still another world conflict takes 
shape. We are willing to work, to give, and to sacrifice 
in the interests of a peaceful world, but just what, 
exactly, can individuals like ourselves do? 


Outstanding Example of Success 

A great many anxious citizens are asking themselves 
the foregoing question. The only answer that makes 
sense to me is one that won’t make headlines or cause 
Pravda or Tzvestia to publish a single line in rebuttal, 
because it is exceedingly simple and has been said 
many times. The United States is the standout eco- 
nomic and political success of all time. That sounds like 
extravagant language, but we know it is a solid, proved, 
unvarnished fact in the modern world. We acknowledge 
our leadership, and this is a fact which holds within 
itself the key to our role, as individuals. Who is better 
qualified to hang out a shingle as an economic con- 
sultant than those who have invested their lives in 
American industry, which has walked with giant strides 
and has touched with its progress almost every factory, 
home, and farm in the land? 

Nothing succeeds like success, and who has been 
more successful than the average middle-class American 
in his quest for economic betterment, social progress, 
and political freedom? Who produces more of the 
world’s goods and enjoys more of the benefits than we 
do? Who is more his own master? Finally, and most 
important, who knows better than we do just why 
this has come to pass? 


Help Others Succeed 

I soberly believe that we have a duty, as individuals 
and as a nation, to keep the world of today from going 
on the rocks. We have the obligation to try, whether 
or not we succeed. That duty does not lie simply in 
giving away dollars and food and machinery, because 
that is only a stopgap policy. We have first a national 
duty to plant the seeds of self-sufficiency and self- 


respect, of production techniques and competitive free - 


enterprise, among ailing and stricken countries, because 
the world will never be at peace so long as part of it 
subsists on charity and continually spawns discontent. 
This is a matter we must delegate, of strong national 
policy, of intelligent diplomacy and legislation, and 
even if it can be achieved, it will take a lot of time and 
a lot of patience. Maybe it is just a dream, but so were 
most of the important milestones in our history. The 
main thing is that. we can never even make a beginning 
unless we keep ourselves strong and united at home. 
National policy, after all, is but the sum total of the 
thinking and action of individual citizens. To be more 
exact, it is the sum total of the thoughts and actions of 
Mature and seasoned individuals. : , 
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Keep America Strong 
Our second duty, then, is to keep America strong, 
by our individual acts, and we can work at that every 
day of our lives. I sometimes wonder whether the 
average man knows his own strength, whether he is at 
all aware of the fortress he commands through his 
influence and contact with fellow workers, with 
neighbors and friends, with younger people in and out 
of his family. For example, I doubt if there is one of ys 
who is not a living overwhelming denial of everything 
that communism holds to be true. And yet there ig 
today in our land a sizeable minority—and a fanatically 
hard-working minority, as well—which is leaving no 
stone unturned, no lie unspoken, no hate or prejudice 
uncultivated, which might create disorder and disunity 
and drive America into the hands of the communists. 
I find it extremely difficult to understand how any 
reasonable adult American can be misled or influenced 
by such arguments. I cannot understand for the life of 
me, why the average intelligent union members, in our 
factories or any factories, do not rise up in their wrath 
and heave out the left-wing parasites which have so 
fouled their nests, and recapture the authority and 
respect which is rightly theirs. In fact, in my simplicity, 
I don’t even see what the Russians see in communism. 


Teach and Counsel 


It is the role of teacher and counsellor, in a sense, 


that the older men in American industry must act. 


They have the necessary equipment of maturity and . 


judgment and experience that will help to reach and 
persuade these alien minds among us. It is a day-by-day 
slugging job, but one which all of us must do with 
assurance and skill. I believe that today it is the highest 
and sternest obligation of our industrial citizenship. 

We must have patience and understanding. We 
must make our employees proud to be a part of us, 
proud of what the electrical industry, for instance, has 
done to push back the horizons of ignorance and 
drudgery and help to create in this country the finest 
social and economic order in the world. Make them 
proud of the way they do their job and ambitious for 
success. And in doing this, as individuals, we will have 
done the most that any single American can do to sow 
the seeds of peace and stability. Believe me, it will be 
enough. 


National Success Secret 


Once or twice I have mentioned the ‘“‘Great American 
Middle Class,” in the course of these remarks. It was 
done on purpose, and the trick word in that expression 
is “‘great.”’ In our country we have no ironclad caste 
system, in a social sense. Speaking politically, we are all 
born more or less equal, and what happens to us after 
birth pretty much depends on how assiduously we seek 
out and exercise our opportunities and our franchises. 
I would not pretend for a moment that we all start at 
scratch in the economic sense. What I am really driving 
at here is that although politically we are only what we 
make ourselves, in the economic sense, we are being 
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shaped by dynamic group effort. We all tend to work 
either up or down—as the case may be—and end up 
‘n the middle class. Perhaps that is our real national 
success secret, our hidden weapon. I believe it has been 
the destiny and the great achievement of the enterprise 
system to bring this about, and in that a major role has 
been played by the electrical industry. She 

There are undoubtedly fewer real economic distine- 
tions—between rich people and poor people—in the 
United States than in any country in the world. Where 
once only the rich could afford candles at night, and 
the poor only the light of an open hearth, today the 
finest lamps that money can buy and science can pro- 
duce cost only a few cents and are available to all. 
Rich men—the few that remain—can buy no better 
refrigeration and cooking equipment and washing 
machines and telephones and plumbing and transpor- 
tation than are available to everybody. Big corpora- 
tions operate on capital supplied by the small investor 
—by the butcher, the baker, the teacher, and the cop 
on the corner. The most modest home can have auto- 
matic heat and insulation and the radio. Truly we are 
a nation of wealthy people: We are wealthy in the 
things that make our lives safe, free from drudgery, and 
full of enjoyment. Every day of every year, American 
industry—and that means management and _ labor, 
investors and customers alike—is adding to the great 
American middle class by creating more goods for 
more people at less cost. | 
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‘more disturbing than to find that an 
important article has been clipped out. 


Because of the permanently useful infor- 
mation in the REVIEW, many of its 
articles are clipped out so that this ma- 
terial can be conveniently available for 
whatever the purpose may be. 


In order that you may have your own 
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As electrical constituents go, permanent magnets are rela- 
tively new. They made tremendous advances within the past 
decade, especially in the communications and aviation 
industries, and in the general fields of instruments, controls 
meters and mechanical holding devices. : 

Many of these uses were problems that just couldn’t be 
solved until permanent magnet materials were developed to 
do the job—a work of pioneering to which Arnold con- 
tributed a heavy share. Many other applications were those 
where permanent magnets supplanted older materials 
because of their inherent ability to save weight, size and 
production time, as well as greatly improve the performance 
of the equipment. : 

To these advantages, Arnold Permanent Magnets add 
another very important value—standards of quality and 
uniformity that are unmatched within the industry. Arnold 
Products are 100% quality-controlled at every step of manu- 
facture. What’s more, they’re available in all Alnico grades 
and other types of magnetic materials, in cast or sintered 
forms, and in any shape, size or degree of finish you need. 


© Let’s get our engineers together on your magnet applica- 
tions or problems. 
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MODERN HIGH-SPEED 
D-C DYNAMOMETERS 


Advances in dynamometer design to attain 
high operating speeds and still meet the re- 
‘quirements for precision, rigidity, and balance 


By K. R. Mc DOUGAL 


Motor and Generator Eng. Div., Fort Wayne Works 


General Electric Company 


HE direct-current dynamometer, which has been 

commonly used for testing purposes for many 

years, is basically a conventional d-c motor and 
generator. The sustained popularity of this type of 
dynamometer is probably due chiefly to its versatility. 
Power absorption for loading and testing motors and 
prime movers is available when the unit is operating as 
a generator. The electrical load may be dissipated by 
“pumping back’”’ into the d-c power supply, or by 
resistance loading. Motoring power is also available for 
conducting starting and friction tests on prime movers, 
and for driving pumps, compressors, and other rotating 
equipment. 


Dynamomefter Structural Characteristics 

There are two outstanding characteristics which 
usually distinguish the d-c dynamometer from an 
ordinary motor or generator. The stator frame of the 
machine is mounted in low-friction ball or roller bear- 
ings to permit free rotation of the stator a small amount. 
The stator is restrained by some type of force-measur- 
ing equipment which will measure the torque reaction 
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Fig. 1. Typical high-speed d-c cradled dynamometer. Front view, show- 
ing scale for torque measurement and one of the ventilating blowers 
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on the stator. This reaction is equal to the torque on 
the rotor. The components required for this ‘“‘cradle”’ 
mounting and torque measurement result in an ap- 
pearance differing considerably from that of the d-c 
motor or generator. A typical cradle dynamometer is 
shown in Figs. 1 and 2. 

The other characteristic of the modern d-c dyna- 
mometer is the high rotational speed that is necessary to 
meet today’s testing requirements of machines such as 
automotive and aircraft engines and auxiliary devices. 
This high speed requirement has introduced some 
major design problems and has resulted in some radical 
changes in design during the past few years. 


Size Reduction for High-speed Service 


Prior to 1938, dynamometer electrical designs were 
quite conventional, having the same margins as other 
d-c machines. As a result of wartime applications, 
however, mechanical stresses were pushed to the limit, 
resulting in machines which were difficult to balance 
and which required exceptional care in selection of 
material, in machining, and in assembly. The need for 
still higher speeds and greater facility in manufacture 
indicated the necessity for smaller physical size in 
order to reduce rotational stresses and to increase the 
natural critical frequency of vibration (or critical 
speed) of the armature and other parts. 


Rear view of dynamometer, showing pressure oil lubricating 
system and ventilating blower 
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Reduction in the size of the rotor, or armature, 
started with the armature winding and the punching 
assembly, or core. Both flux density in the armature 


core and current density in the winding were increased . 
by boosting the operating temperature. This was made — 


possible by the use of inorganic (class B) insulation 
which proved advantageous mechanically, as will be 
pointed out later. Further reduction in size in both 
the armature and stator (or field) assembly was made 
possible with forced ventilation by blowers mounted 
on the stator frame (Figs. 1 and 2). 

Ventilation of the armature core and coils is nor- 
mally accomplished through radial ventilating ducts 
in the core communicating with axial flutes or air ducts 
in the shaft. The adoption of forced ventilation in- 
creased surface cooling of the armature to a point 
where the internal ventilation could be eliminated, 
thereby simplifying the mechanical construction and 
permitting the use of a stiffer shaft. 

Considerable reduction in size of the commutator 
was accomplished by increased current density in the 
brushes (as much as 100 per cent increase over previous 
practice) with a general improvement in commutation. 
Advancement in the art of d-c design, together with 
better brushes and brush holders, was partially respon- 
sible for this change, but mechanical improvements 
played an important part. Commutating ability at high 
speed is dependent, to a large degree, upon the riding 
quality of the brushes, which, in turn, depends upon 
such factors as brush-holder design, balance and vibra- 
tion, and commutator smoothness. With such condi- 
tions favorable, and with proper electrical design, it is 
possible to obtain satisfactory commutation at a com- 
mutator peripheral speed of at least 13,000 ft per min 
and continuous brush current densities of 90 amp per 


Blower end shield and oil pressure gage being fastened on cradled d-c 
dynamometer during assembly of the machine in the factory 


sq in., or intermittent densities 1n excess of 120 amp 
per sq. in. 


Structure of Armature 
Figs. 3 and 4 illustrate the general mechanical con- 


struction of the armature. In Fig. 3, the armature core ~ 


and flanges are mounted on a shaft of adequate size 
and stiffness to obtain a natural critical frequency of 
vibration, between bearing supports, well above the 
operating range. This is considered essential since the 
machine must operate over a continuous speed range 
from zero to maximum speed. The armature illustrated 
is for a dynamometer rated 200 hp 2500/6000 rpm, 
capable of operating from 0 to 6000 rpm. 

The armature punchings and flanges are shrunk on 
the shaft with a heavy interference fit so that an inter- 
ference is maintained at maximum operating speed. 
The stresses in the rotating parts do not exceed the 
elastic limit of the material; consequently the original 
balance is maintained. 

Dynamic balance is obtained by two or more balance 
operations in order to add weights as nearly as possible 
in the plane of unbalance. Balance holes are visible in 
two planes (in each armature flange) in Fig. 3. In the 


completed armature (Fig. 4) balance holes are pro- 


vided in the center and in each end for final balance. 


The shrink-ring commutator is mounted directly on 
the shaft with mica insulation, to obtain maximum 
shaft diameter and minimum commutator diameter. 
The shaft design and final commutator design and 
assembly are illustrated in Figs. 3 and 4. To maintain 
a smooth commutator surface at high speed, extremely 
high shrink-ring pressures are necessary. Compressive 
stresses under shrink rings and between commutator 
segments may reach approximately 30,000 Ib per sq in. 
Such pressures require suitable commutator segment 
material and mica insulation. The best obtainable 
block mica must be used and it must be hand laid for 
proper uniformity to withstand such pressures. 


Commutator smoothness and eccentricity must be 


carefully controlled, and in addition it 1s necessary to 
maintain low inertia in the brushes to follow the 
commutator at high speed. Small brushes or multiple 
brushes have provided a solution to this problem. 

The armature winding has always been a source of 
difficulty in providing a rigid assembly which will 


‘remain in balance at such. high speeds as 20,000 to 


25,000 ft per min. Inorganic insulation such as mica 


and glass is more stable dimensionally under high tem- 
perature and pressure than organic insulation. Use of. 


inorganic material, and compression of the coils and in- 
sulation into the slots with high pressure, has resulted 
in an assembly which moves very little with rotational 
stresses. Finally, the end portions of the winding are 
banded at heavy pressure and the entire armature be- 
comes essentially a rigid assembly which can be bal- 
anced throughout the speed range without the ‘‘com- 
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promise” between critical points characteristic of less 
rigid assemblies. 


Bearings and Lubrication . 

The selection and application of bearings for high- 
speed operation has presented quite a problem. To 
maintain sufficient shaft stiffness to support couplings 
of adequate size and to prevent failure due to torsional 
vibration, the diameter of the shaft has been consider- 
ably increased over previous practice. The resulting 
increase in bearing size has increased the load capacity 


considerably, but also has increased the peripheral © 


speeds in the bearing to a point where experience has 
been limited and the bearing design and method of 
mounting have become major problems. 


Fig. 3. High-speed d-c dynamometer armature. Punchings and flanges 
shrunk on shaft ready for windings and commutator assembly 


Fig. 4. High-speed d-c dynamometer armature completely assembled 
with bearings 


High speed and relatively high ambient temperatures 
necessitated an increase in the internal bearing clear- 
ance over the clearance normally used for precision 
bearings. It was found desirable to use oil lubrication 
on the machines of the higher speed ratings because of 
the limitations of most greases. Some of the greases 
recently developed appear to be more suitable than 
earlier ones for high temperature and high-speed 
operation. Further experience with those may justify 
consideration of grease lubrication for future high-speed 
operation. 

A small amount of lubrication is usually sufficient, 
in fact preferable. When large amounts of oil are used, 
it is necessary to recirculate and cool the oil externally 
because of the heat generated by agitation of the oil. 
Good lubrication 1s supplied by either drip-feed or oil 
fog. The present design uses drip-feed lubrication with 
a positive-displacement pump supplying 15 to 30 
drops per minute to bearings ranging in size from 50- 
to 100-mm bore. Oil-mist lubrication has also been 
found vety effective, but this method introduces the 
problem of disposing of the mist without deposition 
on the windings of the machine and the surrounding 
objects. 

Bearing design and construction also have con- 
siderable effect on the vibration of the machine. Since 
the mounting of a dynamometer cannot be particularly 
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Cradled parts being placed in pedestals of cradled d-c dynamometer 


tigid at best, and since it operates over such a wide 
speed range, it is sensitive to the forced vibrations set 
up by the bearings. Precision bearings have been manu- 
factured for years without appreciable runout or 
eccentricity of the inner race. The tolerance on groove 
wobble, or parallelism between inner race groove and 
bore and face is, however, more important for dy- 
namometer applications than for many other applica- 
tions. The groove wobble can cause sufficient exciting 
force to result in serious axial vibration or end-shake of 
the dynamometer assembly. Bearings are now being 
manufactured with adequate precision to give excellent 
results in this respect. 

Although it has been found possible to operate ball 
bearings satisfactorily with a peripheral speed. of the 
shaft at the inner race as high as 10,000 ft per min, it 
has been found more satisfactory for the avetas® 
dynamometer application to limit this speed to 5000 ft 
per min. For higher speeds, forced-feed-oil-lubricated 
sleeve bearings are normally used. 

Forced ventilation, as previously pointed out, has 
resulted in a smaller machine and has also improved 
the operation in other respects. Armature-mounted 
fans operating over a wide speed range must necessarily 
be based on a compromise with inadequate ventilation 
at low speed and excessive air flow and noise at Lop 
speed. The exhaust air is likely to cause an error 1n 
scale reading due to force on the stator unless propertly 
compensated by air vanes. On the other hand, motor- 
driven blowers supply the correct air flow at all speeds, 
and errors in scale reading due to ventilating aif are 
negligible. 

The developments described and other refinements 
have made practical the building of d-c dynamometers 


‘with absorption ratings having a product of horsepower 


and maximum rpm as high as 2.5108. Future develop- 
ments in materials such as high-temperature insulation 
may eventually extend the practical limit ever higher. 


GENERAL ELECTRIC REVIEW 1 


~ ANEW ERA IN TUB ULAR CAPACITORS 


ACTUAL SIZE 
ILLUSTRATIONS 


One standard type for ALL conditions of use. 
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The FIRST truly practical, all-purpose PHENOLIC — MOLDED paper tubulars 


After more than four years of intensive research, 


plus one of the largest retooling programs in its 
history, Sprague announces a complete line of 
phenolic-molded paper tubular capacitors that 
offer far-reaching advantages for a long list of 


products ranging from home or auto radios and 
electrical appliances to military equipment. Their 


Highly heat- and 
moisture - resistant 


on-inflammable 


Conservatively rated 
for -40°C. to +85°C. 


operation 
Small in size : 


Mechanically rugged 


unique phenolic sealed construction assures maxi- 
mum dependability even under extremes of heat, 


humidity and physical stress. Thus they have vir- 


tually universal application in modern equipment. 
In most cases the new Molded Tubulars are smaller 
and in no instance are they larger than ordinary 
Sprague paper tubular capacitors of equal rating. 


Write for Sprague Capacitor Engineering Bulletin 210. 
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By R. M. ROWELL 


YNCHROSCOPES or synchronism indicators 
have been used for paralleling generators since 
the turn of the century. Prior to this time, a-c 
machines were synchronized by means of synchronizing 
lamps connected between the respective machine ter- 
minals. While this method was fairly effective for.small 
machines, the large voltage range over which the lamps 
remained dark prevented accurate synchronizing and 
often resulted in generators being switched onto the 
line considerably out of phase. This caused an unneces- 
sary number of circuit-breaker openings, with conse- 
quent power failure. 

In addition to their use in paralleling generators, 
synchroscopes have recently indicated their value in 
aircraft.) The purpose here is to enable the pilot to 
keep the engines of multi-engine craft rotating at the 
same speed. This becomes of increased importance as 
the number of engines in the plane increases. Synchron- 
ism of the engines prevents passenger discomfort due to 
the fatigue and annoyance caused by the presence of 
high beat-frequency vibrations. It is also said that there 
is an appreciable effect on flight efficiency; longer 
flights can be made with a given amount of fuel if 
engines are kept synchronized. | 

Electric tachometers in aircraft usually operate from 
small a-c generators on the engines, and although their 
readings can be compared in an attempt to arrive at 
synchronism, it is almost impossible, with accuracies 
now available, to eliminate the high beat frequencies 
in this manner. These same generators can be con- 
nected to synchroscopes, however, and a high degree of 
synchronism obtained. 

Despite the number of years that synchroscopes have 
been used, and the fact that improvements are being 
made continually, little has been written about them; 


most available literature has not kept up with the, 


progress in the design of this particular type of device. It 
is the purpose of this article to review briefly some of the 
older designs and to describe more in detail some of the 
newer types with recent improvements made in them. 

Basically, a synchroscope must perform the follow- 
ing functions when paralleling generators: 


(1)*A Unique Engine Synchronism Indicator for Aircraft,’ by D. B. Pear- 
son, AIEE Technical Paper 46-148, May, 1946. 
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SYNCHROSCOPE DESIGNS 


Review of older designs, and a more 
detailed description of recent iron- 
vane types that meet new requirements 


accurately and with low power loss 


Instrument Engineering Divisions 
West Lynn Works, General Electric Company 


and E. E. LYNCH 
Works Laboratory 
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(1). It must indicate the difference in frequency 
between the incoming generator and the bus or 
running machine 


(2). It must show whether the incoming machine is 
faster or slower than the running machine. 


(3). It must indicate the moment of coincidence of 


phase position of the two machines. 


In aircraft operation, only the equivalent of the first 
two functions is of importance, where each generator 
frequency is compared separately with one master 
frequency. 

The following description covers some of the types 
that have been produced. 3 


Wound-rotor Type 

The most prevalent of early types was the so-called 
Lincoln type. Essentially, this is a phase meter with a 
cross-coil moving system wound on an iron core with 
a shaft set in ball bearings. A bipolar magnetic-field 
structure furnishes the necessary field flux. Fig. 1 shows 
the general construction and connections of this in- 
strument. It will be noted that the stationary field 
is excited by the running machine, with the incoming 
machine connected to the moving-system windings 
through a resistance-reactance phase-splitting box. 
This phase-splitting box and the instrument trans- 
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Fig. 1. General construction and connections for a wound-rotor 
synchroscope, the so-called Lincoln type 
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formers are part of the primary detector for measuring 
the phase difference between the two machines.) 
Since there is some resistance in the moving coils and 
the series reactor, an exact 90-deg phase angle is not 
obtained. To compensate for this, the coils are wound 


at an angle corresponding to the phase displacement to 


obtain a rotating field when the current is balanced 
properly in the two branches (Fig. 2). The rotating 
field reacts with the stationary alternating field to 
produce rotation of the moving-coil system when the 
‘ncoming and running machines are not of the same 


frequency. | 

If the frequencies of the two sources are alike, any 
phase angle between them is constant and is indicated 
by the angular position of the pointer with respect to 
the index mark. However, when the frequencies of the 
bus and the incoming machine are different, the phase 
angle is constantly changing, thus causing rotation. 
One complete revolution of the pointer indicates that 
the phase angle has changed 360 deg, or in other words, 
that there has been a difference of one cycle between 
the two sources. If the incoming machine is slow, its 
voltage starts to lag the voltage on the bus and pro- 
duces rotation in the SLow direction. Conversely, if 
the incoming machine is fast, its voltage will lead that 
of the running machine by a constantly increasing angle, 
producing rotation in the FAst direction. When the 
two machines are of exactly the same frequency, the 
synchroscope ceases to rotate, and the position of the 


pointer indicates the phase angle between the two 


sources. When the pointer comes to rest in a vertical 
position at the index mark, the phase positions coincide, 
and the incoming machine may be switched onto the 
bus. without undesirable surges. 


Fig. 2. The wound rotor used in the device in Fig. 1, in which the coils 
are wound at an angle corresponding to the phase displacement, to obtain 
a rotating field when the current from both generators is balanced properly 


It may be shown that the total torque T of the syn- 
chroscope is equal to 


1 IRs (max) I, (max) sin (+8) 
where 


K =a proportionality constant 
Ty =current in stationary field winding - 
I,=current in moving system coils 
@ =mechanical angle between field flux and “in 
phase” moving coil 
6 =phase angle between generatotr-bus voltage 
and incoming-machine voltage 


O) 1Bancona! Analysis of Measurements,” by I. F. Kinnard, Elect. Eng., 
January, 1 < 
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For the pointer to come to rest, this torque must be 
zero; therefore, the term sin (¢+@) must equal zero. 
Now assume that the two sources are instantaneously 
in phase but have different frequencies f; and fe. After 
a time interval t, the phase difference will be 


6=2n fit — 2m fat 


=2rt (fi—fr) 
‘Ef o+6=0 
then o= — 27 t( fi—fe) 
: Sad ae 


indicating that the speed of the pointer, 4 is propor- 
tional to the difference in frequencies of the two ma- 
chines. 


Wound-rotor-type synchroscopes are universally 
manufactured as single-phase units so that they may be 


_ used on single-phase, two-phase, or three-phase circuits. 


Electrodynamic Type | 

Another type of synchroscope utilizes an electro- 
dynamic type of mechanism similar to a voltmeter in 
construction. 


As shown in Fig. 3, the fixed coils are connected to 
generator No. 1 and the moving coil to generator No. 2. 
A resistor in series with the fixed coils and a capacitor 
in series with the moving coil are required to obtain 
proper magnitude and 90-deg phase relation of the 
voltages used, and form part of the primary detector 
to measure the phase differences between the two 
generators. While the two sources are in synchronism 
there is no movement of the pointer, and it remains at 
the index position. However, when the two circuits 
are not of the same frequency, the pointer oscillates 
across the scale. | 

Actually, the pointer is behind a translucent scale; 
its position 1s indicated from a lamp behind the pointer 
energized by a special transformer having a double 
primary connected to both the incoming and the 
running machines. Thus the shadow of the pointer is 
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Fig. 3. Connections for the electrodynamic synchroscope, another 
early design in which the oscillating pointer and flicker light 
create the illusion of a rotating pointer 
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cast on the translucent scale, and at moments of in- 
phase synchronism when the lamp is lighted, its image 
is fully outlined on the center of the scale. However, 
as the pointer oscillates, the lamp also flickers because 
of the opposing voltages of the two machines. In this 
manner, the illusion of a rotating pointer is created. 
The directions SLow and Fast are marked on the dial. 


When the two machines are 180 deg out of phase, the 
pointer will also be in center-scale position, but the 
lamp will remain dark and the pointer position will not 
be shown on the scale. 


Miscellaneous Early Types 3 

The previous descriptions cover the instruments 
most widely used over a number of years. There have 
been many other miscellaneous types, including the 
induction-disk type in which electromagnets operate 
an indtiction drag disk in either direction, the glow- 
lamp type, and the vibrating-reed type in which maxi- 
mum amplitude is obtained under conditions of identical 
frequency and phase relation. 


MODERN SYNCHROSCOPE DESIGNS 

Most of the synchroscopes previously mentioned 
have met the basic requirements successfully. However, 
other conditions have entered the picture and have 
made certain newer types of instruments more desir- 
able. One matter of increasing concern has been the 
high volt-ampere burden of some of the older types, 
especially the Lincoln type, the total of both incoming 
and running circuits amounting to from 200 to 300 
volt-amperes. With the increasing load on potential 
transformers, these burdens have become serious. In 
special cases where it is necessary to operate from 
bushing potential devices or at points remote from the 
potential transformers, these high-burden synchro- 
scopes can not be used. Moreover, there has also been 
a general desire to obtain a more nearly accurate indica- 
tion of phase-angle differences and smoother rotational 
characteristics. 


To obtain lower power losses, it is natural to turn 
to the iron-vane type of rotor set in jeweled bearings, 
in preference to the heavy wound-rotor type mounted 
in ball bearings. The following sections will cover two 
of the newest and most popular forms of synchroscope. 


Opposed phase-rotation 

Fig. 4 shows possible schematic connections of the 
instrument described as the opposed-phase-rotation 
type. Basically, the construction is very simple. The 
stator has a three-phase motor winding which sets up 
fluxes inside the stator. The rotor has a set of iron vanes 
which tend to align themselves with the resultant flux 
set up by the stator windings. The pointer is attached 
rigidly to the rotor shaft. From Fig. 4 it can be seen 
that, with two three-phase windings, two rotating fields 
are set up in the space in which the iron vane operates. 
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The equivalent of these two rotating fields e b 
obtained in a single three-phase winding at a given free 


quency by auxiliary means shown in Fig. 5. Since the | 


operation indicated in Fig. 4 is more easily visualized 
than that in Fig. 5, because of its definite Separation 
of the rotating fluxes, and since at synchronism its 
operation is the same, the following explanation is 
based on the double-winding circuit. A mathematica] 
analysis of the variation of the direction of the re. 
sultant flux with time will indicate the operation of the 
pointer. 

Assume the voltages to be balanced. Then, the flux 
from each phase of one machine can be represented by: 


da=L sin at 
6b =F sin (w,t—120 deg) 
oc =E sin (wt+120 deg) 


where 


da, b,c =instantaneous values of flux from each 
phase 


E=maximum value of flux 
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Fig. 4. Possible schematic connections for one of the 
more modern designs, the opposed-phase-rotation type, 
which utilizes the iron-vane rotor set in jeweled bearings 


Adding these fluxes vectorially in space, the resultant 
flux.1s 


3 
1 =5F (COS wyt-+7 sin wt) (1) 


3 
This represents a flux of constant magnitude 5 


rotating counterclockwise with a velocity a). 


Then, when the other machine is connected to the 
instrument, the fluxes set up by it alone are © 


oda = EL sin Wot 
by =E sin (wet +120 deg) 
| dc =F sin (wt— 120 deg) 


or when added vectorially in space: 
3 as | 
2 = 5H (COS wet —7 Sin wet) (2) 


3 
This represents a field of constant magnitude a 


rotating in a clockwise direction (because the phase 
rotation is reversed) with a velocity wy». 
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Fig. 5 Actual connections for the opposed-phase-rotation synchroscope 


The resultant flux is the vector sum of Equations (1) 
and (2), or, adding the two fluxes which are revolving in 
opposite phase rotation: 


+ w Wy— @ —. Or @ 
$= 8B| cos £1(cos = “t+ sin 7 7) (3) 


hed 


This enables the mathematically inclined to visualize 
the operation of the synchroscope under various condi- 
tions of speed or phase displacement of the voltages. 
However, knowing the physical significance of Equa- 
tions (1) and (2) enables one to determine the direction 


of the resultant flux and to arrive at the same physical 


conception. | 


Equation (3) represents a flux varying in magnitude 


‘sinusoidally with time and having a maximum value 


3E and a frequency equal to the average of w; and we. 
The direction of this flux rotates in a counterclockwise 
direction when a; is greater than w. (when machine 
being synchronized is slow) at a speed which is equal to 
W1— We 


_ If w; is less than w. (when machine being syn- 


chronized is fast), then the resultant field rotates clock- 
wise. : 


Although the preceding analysis is based on the 


equivalent circuit shown in Fig. 4, the analysis for the 
actual circuit shown in Fig. 5 would’ be similar except 


Fig. 6. The dial and two-ended pointer used in the 
opposed-phase-rotation type 
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that, as the machines depart from synchronism, the 
generator supplies an unbalanced three-phase voltage 
to the stator of the instrument. This unbalanced voltage 
can be resolved (by symmetrical component procedure) 
into a balanced voltage, together with a small negative- 
sequence balanced voltage. The operation, therefore, 
would be as described for all speeds near synchronism, 
until the negative-phase sequence became a factor, or 
until the magnitude of the positive-phase-sequence 
voltage differed appreciably from the magnitude of the 
balanced voltages on the bus. 

The result of these disturbing influences is to change 


‘the movement of the rotating field direction from a 


uniform rotation to a nonuniform rotation. 
Practically, this is taken care of in the instrument 
design, where it is desirable to have the inertia of the 
rotor large enough that the pointer will not start to 
rotate at synchronous speed with only the voltage from 
the bus on the instrument. This inertia helps to smooth 


Fig. 7. Rotor and two-ended pointer, for the type shown 
in Fig. 6, used to indicate synchronism 


out small variations in uniformity of rotation. Actu- 
ally, an instrument is designed to pick up and to drop 
out at definite frequency differences between the two 
machines being synchronized. Although operation of 
the pointer is smoother as synchronism is reached, at no 
frequency is the nonuniformity of rotation sufficient to 
be disturbing. 

From this analysis it can be seen that in synchroniz- 
ing a generator, the operator’s procedure is identical 
to that undertaken with the older synchroscopes. 
The speed of rotation of the pointer, however, is only 
half as fast, and a two-ended pointer is utilized to | 
indicate synchronism, as shown in Figs. 6 and 7. 

Besides the simplicity of operation and the sturdiness 
of construction of this newer instrument, it uses only a 
fraction of the power input that the older types re- 
quired, and it needs no connections into the rotor. This 
makes the device adaptable for use in situations where 
the voltage for the incoming machine is derived from 
condensers on transformer bushings. It was this use 
that stimulated the development of the instrument and 
led as well to the other advantages and benefits that 
were obtained in its design. | 
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Excited iron-vane rotor | 

This type instrument is the simplest and latest form 
of synchroscope available. It was developed to oper- 
ate with low power input and at the same time to make 
possible an indication with a single-ended pointer, 
where this is desirable, at a speed comparable with 
the well-established practice of older synchroscopes, 
The primary detector utilizes a motor-type winding to 
produce a rotating field as in the opposed-phase-rota- 
tion type, but in this case there is only one rotating 
field. The Z-shaped iron-vane rotor is polarized by a 
separate fixed coil. Figs. 8 and 9 show this instrument in 
the form utilized by central stations where a single- 
ended pointer is desirable. Fig. 10 illustrates one form 
used on aircraft. 


Since these devices are used for single-phase opera- 
tion, the stator circuit is provided with a phase- 
splitting arrangement. In the first central-station instru- 
ments of this type, this consisted of an external-impedor 
box containing a resistance and an adjustable-reactance 


Fig. 8. Modern synchroscope of the excited-iron-vane- 
rotor type, in which a single-ended pointer is used 


coil. The stator is of two-phase construction, one phase 


being connected in the resistance circuit and the other 
in series with the reactance. These are shown in Fig. 9. 
The resistance of the Ly, circuit and the inductance of 
the Rp circuit produce a phase angle somewhat less 
than 90 deg. The quadrature phase relation to produce 
a symmetrical rotating field is obtained by shunting the 
noninductive resistance Re across the motor winding 
in the reactive circuit. The compensating resistance is 
of such a value that the inductance in the motor wind- 
ing causes the current through it to lag the voltage drop 
across the resistor by 90 deg. 


In later central-station instruments, the phase- 
splitting arrangement consists of a resistance-capaci- 
tance network which is self-contained in the instrument, 
eliminating extra connections and saving panel space. 
Fig. 11 shows the connection used to obtain the quadra- 
ture relationship between the two stator circuits. 
Uniform speed of rotation 1s obtained by the proper 
shaping of the rotating vanes and the proper spacing 
of parts in the magnetic circuit to minimize the slot 
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GENERATOR #2 
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GEN.#1 INCOMING MACHiNE 
GEN.*2 RUNNING MACHINE 


Fig. 9. Connections for the synchroscope shown in Fig. 8 (resistance- 
inductance type) 


effect of the motor-winding flux path. Adjustments are 
also available to balance the currents at a phase angle 
of 90 deg in the motor windings. This balance is neces- 
sary to obtain a uniformly rotating flux. | | 


For aircraft use, three-phase windings are used to 
produce the rotating field. This automatically gives a 
uniformly rotating field and, since a toroidal winding 
is used, no compensation for slot effect is required to 
produce uniform rotation of the pointer. The connec- 
tion diagram for a two-engine system is shown in Fig. 12. 
The instrument winding is shown in circuit form in 
Fig. 13. 


In all forms of the excited iron-vane rotor type, the 
instrument circuits both of the machine being syn- 


chronized and of the running or master machine are > 


designed for low power consumption and the instru- 
ment may therefore be used for remote indication. 


Since the armature vanes are polarized, the instru- 
ment becomes, in effect, a synchronous motor. If the 
polarizing coil were excited by direct current, syn- 


chronous operation would be obtained at a speed 


120 
120s 


(rpm) 


P 


Fig. 10. A form of the excited-iron-vane-rotor synchroscope 
used on aircraft 
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Connections used to obtain quadrature relationship of the two 
stator circuits by a resistance-capacitance network 


> 


Fig. 11. 


where 
S=synchronous speed 
f=the frequency 
P =the number of poles 


The application of alternating-current excitation of a 
different frequency, however, produces rotation at a 
speed proportional to the difference of these frequencies 


Or 


_ 120 (=f) 


: P 


— 


where 


fy =the frequency of the machine being synchronized 
fo=the frequency of the running or master machine. 


Since the motor is of two-pole construction, 


1S =60 Gi Ee fe) (or 60 rpm for every cycle per second 
difference in frequency). 


Thus, the instrument will make one complete revolu- 
tion for each cycle difference in frequency, the direction 
of rotation determining whether the incoming generator 
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Fig.12. Connections for use in twO-engine aircraft system 
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is slow or fast. The in-phase condition is indicated when 
the pointer reaches a vertical position, and synchron- 
ism is indicated when the pointer stops. 

Because of the efficiency of the magnetic system, the 
lightweight moving element, and the mounting in 
jeweled bearings, the total burden for central-station 
instruments has been reduced to approximately 5.7 
volt-amperes at 115 volts for both the incoming and 
running circuits. This is approximately 2 per cent of 
that required by some of the earlier instruments. 

The art of synchronism indication has been continu- 
ally advancing. As new requirements have arisen in the 
electrical industry, new designs have been devised to 
meet these needs. As a result, the present designs of 
synchroscopes are entirely adequate for all types of 
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Fig. 13. Circuit diagram of the instrument when used in two- 
engine aircraft systems 


service. Experience has shown that the iron-vane types 
operate with smooth rotational characteristics and with 
a minimum expenditure of power. Their construction 
is simple, and the instruments are self-contained and 
utilize only minimum panel space. | 
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COSTS MUST 
COME DOWN 


ONE important place to start reducing 
cost is with the machine where goods are 


made. 
Speedier production is very definitely a 


function of New Departure Ball Bearings. 


Operating with less friction, less wear, 
than other types, the ball bearing is a 
“natural” for the higher speeds. greater 
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rigidity and improved quality of produc- 
tion, demanded by today’s exacting pro- 
duction standards. 


Thus, an investment in machines of 
modern ball bearing design is an invest- 
ment in faster production — lower costs. 


New Departure’s technical literature is 
most helpful—tell us your needs. 
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The overload created by our jam 


jivesters is part of their fun. 

But an equivalent burden on your produc- 
tion facilities can be anything but funny. 
In any electronics tangle, Sherron’s com- 


plete lab-thru-manufacturing organiza- 


Sherron 
lectronics 


tion can be 


of strain. 


Sherron 1s collaborating with some of the 
foremost electronics manufacturers in 


eliminating costly delays that usually re- 


sult from production overloads. 


TOTALIZATION OF WATTHOURS 


Methods of metering total consumption on two or 
‘more circuits, for conditions with and without a 
common bus. Meter and transformer connections 


By H. S. EDGERLY 


Switchgear Division, Apparatus Department 


General Electric Company 


REQUENTLY there is a need to obtain records 

of the total kilowatthour consumption of two 

or more circuits in a station, such as the output 
of several generators or of loads on several feeders. 


Each installation must receive individual considera- 
tion. Some combinations, while suitable for a given 
situation, may be decidedly unsuitable for other situa- 
tions. The purpose of this article is to illustrate various 
available methods of totalizing watthours, with com- 
ments as to limitations, if any. | 


Fig. 1. One-line diagram for totalizing watthours with a bus current 
transformer and a potential transformer 


In any totalizing scheme, the best results can be ob- 
tained by installing a meter in each circuit and adding 
the readings on each register, for the reason that the 
accuracy of a watthour meter is greater at full-load 
speed than at lower speeds. 


To demonstrate this inaccuracy, assume that .one 
meter is used to totalize the output of five generators. Ef 
only one generator is running, the meter will run at only 
20 per cent speed, even with that generator operating at 
full load. However, if each generator had a separate 
meter, the one connected to the generator running at full 
load would operate at 100 per cent speed. Still, some 
operators prefer to have the total reading on a single 
register, or for some reason separate meters 10 each 
circuit cannot be accommodated. 


This article is so paged that, without mutilating other articles, it can_be 
conveniently removed for separate filing by tearing out pages 28 to 30.—Ep. 


Feeders 


Fig. 2. For most installations, bus current transformers cannot be used, 
and the current transformers must be placed between the 
generator and the bus, as shown here 
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Bus Current and Potential Transformers 

From the standpoint of accuracy, the metering next 
preferred would be accomplished by installing a current 
transformer in the bus between the source and the feed- 
ers, as shown in Fig. 1. 


As pointed out previously, this would involve some 
inaccuracies if one or more of the generators were not 
operating, because the meter would then be operating 
at a lower speed; in addition, there is the possibility 
that the current transformer would be operating at a 
lower percentage of rated current. 


For most installations, however, the point at which 
the source connections are made to the bus (Fig. 2) 
makes such a scheme impractical because of the 
physical separation, of the circuits ‘being totalized. 
There are also instances where the switchgear struc- 
tural design restricts the use of bus current’ trans- 
formers. This method of metering is described merely 
to point out the simplest form of totalizing, as a starting 
point for considering the more applicable schemes. 


ee 4 Fig. 3. Meter current connections for the 
scheme shown in Fig. 2 
2:1 


ens ot ae 


Fig. 4. Method of meter connec- > 
tion which permits the use of a 
standard meter 


<q Fig. 5. Use of two separate pri- 

maries, which eliminates the inter- 

connecting of current-transformer 
secondaries 


Fig.6. Meter and transformer con- P 
nections for two sets of current coils 
and one set of potential coils 


Totalizing Two Circuits 
Identical CT Ratio—Common Bus 

Consideration will first be given to totalizing two 
circuits where the current-transformer ratios are iden- 
tical and where a common bus is used with no bus dis- 
connecting devices, assuming the current transformers 
are between the sources and the bus as shown in Fig. 2. 


The simplest method would be to connect the meter as . 
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shown in Fig. 3, usin 
however, involves th 


¢ 10-amp coils in the meter. This, 
e use of a nonstandard meter. 


Employing the same general scheme, use can be made 


4 of a standard transformer rated meter by inserting a 


10-amp 2:1-ratio CT between the meter and the cur- 
rent transformers, as shown in Fig. 4. Another, more 
preferred, method of obtaining the same results would 
be to use a 2:1-ratio CT with two separate 5-amp 

rimaries, as shown in Fig. 5. This scheme eliminates 
the snterconnecting of CT secondaries, in many cases 


highly desirable. 


Two Sets of Current Coils—Common Bus 


With the use of a meter having two sets of current . 


coils and one set of potential coils, a higher degree of 
accuracy 1S obtained, because of the elimination of CT 
secondary snterconnections or auxiliary transformers. 
This meter, connected as shown in Fig. 6, can within 


limits also be applied to transformers of different ratios 


by changing the ampere-turns on the meter coils. 


4 Fig.7. Arrangement for 
totalization when no bus 
potential transformers are 

available 


( 

Fig. 8. Method by which two cir- D> C.T.S.¢ 

cuits which do not connect toa 
common bus may be totalized 


q Fig.9. Useoftwo watthour meters 
which transmit impulses to a 


Duplex totalizer 


totalizer 
register 


No Common Bus 

At times there are installations similar to those 
lustrated in Figs. 4, 5, or 6, with the exception that 
potential transformers are on each generator, and no 
bus potential transformers are available. For such an 
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_Fig.11. Arrangement for totalizing BP 
four circuits, using individual 
meters 


q Fig. 10. Totalizing register used 
in the scheme shown in Fig. 9 


Fig. 13. Four-circuit relay used Pp 
in the arrangement in Fig. 12 


Duplex 
register 


q@ Fig.12. In this arrangement, up to eight 
circuits can be totalized. Impulses sent 
from the meter to the totalizer are stored 

up through differential gearing 


‘installation, the potential coils of the meter are con- 


nected to one set of potential transformers through an 
undervoltage relay. In the event that the generator is 
shut down, the relay operates, transferring the meter 
coils to the other set of transformers. Fig. 7 shows a 
schematic diagram for this arrangement. 

If it is desired to totalize two circuits which do not 
connect to a common bus, this can be accomplished by 
using a meter with two sets of current coils and two 
sets of potential coils, as shown in Fig. 8. The one dis- 
advantage to this method is the light-load inaccuracy. 
For example, if one line is dead and the other is oper- 
ating at ten per cent load, the meter is then operating 
at five per cent speed. 

Another method is shown in Fig. 9, which has the 
advantage of obtaining additional information, namely 
the load on each circuit. Contacts are installed in the 
meters to transmit impulses to a two-circuit totalizing 
register (Fig. 10). The one drawback to this scheme is 
that, if the two contacts close simultaneously but open 
at separate times, or vice-versa, only one impulse will 
be recorded. If the contacts in the two meters make 
and break simultaneously, no impulse will be recorded, | 
which, while improbable, is not impossible. 


Totalizing More Than Two Circuits 
Individual Meter 

Totalization of more than two circuits can be accom- 
plished as shown in Figs. 11 and 12, which illustrate 
totalization of four circuits. 

In Fig. 11, 2 two-circuit relays are involved, each 
sending impulses to a two-circuit totalizing register. 
In Fig. 12, a higher-cost relay (Fig. 13) is used, which 
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TOTALIZATION OF WATTHOURS 


(Continued from preceding page) 


has better over-all accuracy and which can totalize 
up to eight circuits. It has a distinct advantage of not 
losing any of the impulses sent from the meters, for 
the reason that the impulses are stored up through 
differential gearing. Of course, if a common potential 
is available, a four-circuit transformer and a single 
meter in an arrangement similar to the two-circuit- 
transformer arrangement shown in Fig. 5 can be used. 


Different CT Ratios—Single Meter 
If a common potential is available with the current 


transformers having different ratios and only one meter . 


is desired, auxiliary current transformers can be used 
with such a ratio that the over-all ratios are identical. 
This condition is shown in Fig. 14. : 


100 amp 200 amp 300 amp 400 amp 


Aux. C.T.S, 


5-amp 
meter 


Fig. 14. One-line diagram for the condition of a common bus and 
current transformers having different ratios 


Here the total current is 1000 amp. Therefore, the 
over-all ratio is 1000/5 amp (thus permitting the use of 
a standard meter). | 

To determine the ratio of the required auxiliary cur- 
rent transformers, it is necessary to divide the over-all 


ratio 200:1 by each line CT ratio. For example, take 


the 100-amp transformer. 


AND ADO eee se 
100/5 m6 10:1 ratio for the auxiliary CT. 

In conclusion, it is well to reiterate that the best 
method of totalization is to use individual meters in 
each circuit and add the readings shown on each 
register. 
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HE askarel-insulated transformer was made 

commercially available in 1931. This trans- 

former with its noninflammable insulating and 
cooling medium simplified the application of trans- 
formers indoors because, with the elimination of oil 
and the attendant fire hazard, an enclosing vault was 
not necessary. Thus, these transformers could be placed 
indoors close to the load and in the most convenient 
location. 


Many of the early applications of askarel trans- 
formers were in central-station secondary network 
systems, although some were applied in industrial 
plants. 


Indoor applications of askarel transformers increased 
considerably with the introduction of the load-center 
distribution system’ for industrial plants. This system 
began to receive wide application just prior to the entry 
of the United States into World War II, when this 
country was arming for defense. In this type of distri- 
bution system, the high-voltage power is brought to 
substations installed indoors close to the loads. This 
arrangement reduces the otherwise necessary heavy 
secondary runs of copper and improves voltage regula- 
tion. The factory-assembled load-center unit substation 
utilizing the askarel transformer was ideal for the 
great industrial expansion which took place just pre- 


vious to and during the war, because this system re- 


quired substantially less of that scarce commodity, 
copper, and because of the dearth of skilled engineers 
to lay out and supervise the installation of field- 
assembled substations in the industrial plants. A 
photograph of a typical installation is shown in Fig. 1. 


In the postwar industrial expansion, the use of the 
load-center system has continued to expand and new 
applications for it have been developed; for example, 
the power supply for power-house auxiliaries. 


The askarel transformer, known by the trade names 
Pyranol, Inerteen, Chlorextol, etc., was used almost 
exclusively in the load-center unit substation for these 
early industrial-plant applications. It has had a re- 
markably good service record for all kinds of applica- 
tion. 7 


During the latter part of the 1930’s, considerable 
interest developed in the use of Class B insulated dry- 
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INDOOR TRANSFORMERS 


Comparison of askarel-filled and dry-type 
transformers with respect to design fea- 
tures, characteristics, maintenance, and 


also special considerations. Applications 


By E. M. HUNTER and 


T. E. RODHOUSE 


Transformer Engineering Division 


TE. 


General Electric Company 


type transformers. Simultaneously, many of the indoor- 
type oil circuit breakers were replaced by newly de- 
veloped and improved air circuit breakers. 


The basic idea of the load-center system is to locate a 
transformer as close to the load as possible. This some- 
times required that the substation be located in such 
places as in the rafters of a factory, where the presence 
of liquid might be considered undesirable. With the 
transformers in such locations, there was an increasing 


demand for dry-type transformers, and this has con-.. 


tinued until today a substantial percentage of indoor 
installations are of the Class B dry type. 


Up to approximately 1948, the core and coils of dry- 
type transformers were placed in an expanded-metal 
enclosure. A photograph of a typical early transformer 
of that type is shown in Fig. 2. It is obvious that this 


Fig. 1. A 2000-kva 13,200- to 480-volt load-center unit substation in indus- 
trial service. This substation is typical of those in which the transformer is 
of the askarel-insulated type 
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form of enclosure is not very suitable for an indoor 
application close to the work area, because of the pos- 
sible hazard to workmen who might accidentally 
insert a rod or wire through the expanded metal. 
Another objection was that the expanded metal did 
not give the transformer unit as favorable an ap- 


pearance as other factory equipment, such as ma-. 


chine tools. 


Recognizing these limitations, there was developed 
a general-purpose enclosure that furnished a decided 
improvement in safety and appearance. A photograph 
of a unit substation so enclosed is shown in Fig. 3. The 
improvement will be obvious when comparison is made 
of the transformers shown in Figs. 2 and 3. 


TABLE I 


60-CYCLE HIGH-POTENTIAL TEST FOR 1 MINUTE 
ON THREE-PHASE TRANSFORMER 


Voltage Class Dia alee ; Dry ee 
1.2 210 4 
2.5 15 10 
5 19 12 
8.66 26 19 
15 34 31 


Although the very earliest designs of transformers 
were of the dry type and small low-voltage dry-type 
transformers have been used for years in indoor loca- 
tions, the dry-type transformer with which this article is 
concerned is one that has Class B insulation, and that 
is built in standard ratings from 200 to 2000 kva, with 
incoming voltages of 2400 to 13,200 volts, and utiliza- 
tion voltages of 208Y/120, 240, 480, and 600 volts. Also, 
a limited number of units having 2400-volt secondaries 
have been built. 


Industry records show that a decided increase in dry- 
type transformer applications has taken place since the 
availability of the transformer having the general- 
purpose enclosure. Up to 1943, dry-type transformers 
were less than 10 per cent of all transformers applied 
for indoor application. Today, they are about 50 per 
cent of such new applications. Because there are 
applications for both askarel and dry-type transform- 
ers a review will be made of each. 


General Design 


Askarel Transformers 

The construction of askarel transformers 1S very 
similar to that of the present-day oil-filled transformers 
of the same voltage and kva rating. The core and coil 
structures are identical and the same rigid coil and lead 
supports are used. The insulating materials (Class A) 
consist mostly of paper, cotton, pressboard or kraft 
board, kiln-dried wood, and binders such as shellac. 
Askarel liquid is used as insulating and cooling medium 
in exactly the same manner as oil is used in oil-filled 
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transformers. In addition to its excellent insulating and 
heat-dissipating properties, askarel will not burn, 
support combustion, or give off inflammable or ex- 
plosive gases. The tank used to encase the askarel- 
filled unit is also similar to the familiar tank for oil- 
filled units, with cooling tubes used where required to 
obtain greater heat dissipation. Tanks for askarel 


transformers are sealed and designed to withstand 


normal operating pressures. On units above 25 kva, a 
relief diaphram is used to prevent the tank rupturing 
if an internal fault occurs. 


Dry-type Transformers 

The earliest dry-type transformers built used Class A 
insulating materials, such as paper, varnished cambric, 
etc., which are inflammable. This article, however, will 
be confined to modern dry-type units using Class B 
insulation. 3 

The core structures are similar to those for liquid- 
filled units, except that a larger core is required for a 
given kva and voltage combination to provide the extra 


allowances necessary for air insulation over those — 


required for liquid insulation. The coils of modern dry- 


type transformers are generally wound on cylinders Ole 


Class B material; and the ventilating ducts, when re- 


quired for cooling, are much larger than those required 


for liquid-filled transformers. The wire is insulated with 
asbestos, terratex, or glass yarn bonded with a high- 
temperature-resistant binder. The completed coil 
assemblies are thoroughly impregnated with a high- 
temperature varnish to bond the structure together and 
to form a moisture-resistant: coating on the coils. The 
coils and leads are supported by substantial porcelain 
insulators. 


Fig. 2. An early dry-type transformer with expanded-metal enclosure. 

While this form of enclosure provided adequate ventilation, it did not 

guard against the hazard of slender metallic objects being accidentally 
inserted through the mesh 
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Since dry-type transformers are cooled and insulated 
by air, it is not necessary to have them encased in a 
heavy tank as is necessary for liquid-filled units. In 
fact, any enclosure must have sufficient space for 
entrance and circulation of.cool air, and for discharge 
of hot air. As previously mentioned, early dry-type 
transformers were encased in expanded-metal or 
screened housings, which were satisfactory from the 
ventilation standpoint but did not properly protect the 
unit from accidental entrance of small metal rods or 
wires, or from dripping or splashing water. In conse- 
quence, sheet-metal enclosing cases have been designed 
and are now commonly used to protect the transformer 
completely from the foregoing hazards. These enclosures 
have cool-air entrances neat the floor, and sheet-metal 
louvers near the top for hot-air discharge. The louvers 
are designed to allow proper cooling of the transformer 
but prevent the entrance of a straight rod of wire. 


Dielectric Strength 

The same type of dielectric tests are applied to 
askarel-filled and dry-type transformers, although there 
is some difference in the voltages applied. Both types 
receive a twice-normal turn-to-turn voltage test at 
higher frequency for a period of 7200 cycles as outlined 
is ASA C€57.1, Section 2.037. The high-potential tests 
are slightly lower for dry-type transformers, as pre- 
sented in ASA C57.1, Table II, page 20, and listed also 
in Table I of this article. 

Impulse values have been established for liquid- 
filled but not for dry-type transformers. These values, 
together with values that the AIEE Transformer Sub- 
committee has proposed for dry-type transformers, are 
shown in Table II of this article. 


TABLE II 
FULL-WAVE IMPULSE TEST LEVELS 


. Liquid-filled Dry-t 
Voltage ee (ASA Standard Value) (AIEE Proposed Value) 
Kv Kv 
CO 
1 30 10 
2.5 A5 20 
5 60 25 
8.66 75 35 
15 95 50 
SS TT | | 
Temperatures 


Askarel-filled transformers using mostly. Class A 
insulations are designed for an average coil rise of 55 C 
and maximum hottest-spot temperature of 105 C when 
carrying rated load in a 40 C ambient. However, the 
daily average ambient temperature associated with 
carrying rated load continuously must not exceed 30 C. 

Dry-type transformers insulated with Class B insu- 
lation may be designed for 80 C average coil rise or 
130 C hottest-spot temperature when carrying full load 
in an ambient of 40 C. However, the daily average 
ambient temperature associated with continuous rated 
load should not exceed 30 C. 
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Dimensions 

In general, the dimensions of askarel and dry-type 
transformers are about the same for units up through 
500 kva. Above this size, the dry-type transformers 
may be slightly smaller than the askarel-filled units. 


Weights 

The weights of dry-type transformers will be some- 
what less than those of the askarel-filled units. The 
differential is due mainly to the weight of the liquid, 
and for the 750- and 1000-kva units the weights of the 
dry type will be approximately 75 per cent of those of 
the askarel transformers. 


Fig. 3. Amodern load-center unit substation which includes a dry-type 

transformer and which has a sheet-metal louvered enclosure that provides 

both adequate ventilation and protection. This form of housing has 
replaced that shown in Fig. 2 


Impedance ; 

In most transformers of 100 to 2000 kva, an im- 
pedance of 5 to 6 per cent is desired. Both askarel- 
filled and dry-type transformers up to 15-kv high 
voltage can be designed for these impedance values. 


Taps | 
Primary-winding taps are usually included in bot 
askarel-filled and dry-type transformers. For voltage 
ratings of 2400 volts and above, these taps are arranged 
as four 21% per cent taps below normal voltage, or two 
21% per cent taps above normal and two 21% per cent 
taps below normal. In askarel-filled transformers, these 
taps may be brought to a terminal board located below 
the liquid surface inside the tank and accessible through 
a handhole, or brought to a ratio-adjuster externally. 
operated. The taps on dry-type transformers are 
brought to porcelain terminal boards located inside the 
enclosure and accessible by removing a louver panel. 
The externally operated ratio adjuster is not required 
on dry-type units since the terminal board is not sub- 
merged in liquid and it is not ncecessary to break a 
tank seal to reach it. For any of these tap arrangements, 
the transformer must be de-energized to permit changing 


the taps safely. 
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Audio-sound Levels 

Audio-sound levels have been established by the 
AIEE Transformer Subcommittee for liquid-filled and 
dry-type transformers. These audio-sound levels are 
shown in Table III. 

The higher audio-sound levels for dry-type trans- 
formers are due partly to the increased size of core fora 
unit of given kva and voltage and largely because no 
liquid is present to act as an attenuator for the core 
hum as in liquid-filled transformers. 

In comparing the two types of transformers for 
sound levels, it should be remembered that the sound 
level doubles for each increase of three decibels. 


Losses | 

Transformer losses are usually considered as core loss 
and copper loss. The core loss of askarel-filled trans- 
formers is usually somewhat lower than that of dry- 
type units of the same kva and voltage. However, the 
copper loss of the askarel: transformer is generally 
slightly higher than that for the dry-type, so that the 
total losses (core plus copper) are about equal. 


Overload Capacities 

It is difficult to compare askarel-filled and dry-type 
transformers from an overload standpoint unless 
specific transformer characteristics and overload values 
are known. For a dry-type transformer having low 
copper densities in the windings, the temperature 
during very heavy overloads of short duration may be 
as low as, or lower than, that of a similarly rated askarel 
transformer. On the other hand, the liquid-filled unit 
may have some advantage for lighter overloads of 
longer duration, owing to the heat storage capacity of 
the liquid. In general, either type may be expected to 
carry reasonable overloads without excessive shortening 
of insulation life. Guides for loading liquid-filled trans- 
formers are now available and study is being given to 
similar ones for dry-type units. 


TABLE III 


AUDIO-SOUND LEVELS FOR TRANSFORMERS; 
INSULATION 15 KV AND BELOW 


Liquid-filled — Dry-type 

| | 
Db: Db Db Db 

O— 300 56 70 66 70 

301- 500 | 58 70 68 a 
501— 700 60 70 70 73 
701-1000 62 70 72 15 
1001-1500 63 70 74 ai 
1501-2000 74 70 76 79 

Maintenance 


The maintenance of an askarel-filled transformer is 
similar to that of the familiar oil-filled units. That 1s, 
periodic sampling and testing of the liquid is required to 
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determine that its high dielectric strength is maintained. 
At the same time, the tank should also be tested for 
pressure tightness because moisture contamination of 
liquid is about the only cause of material changes in 
dielectric strength of the liquid. 


If the entrance of moisture has reduced the dielectric 
strength of the askarel appreciably, the dielectric 
strength can be restored by filtering. A filter press, free 
from all traces of oil, using filter paper and fuller’s 
earth will give best results in restoring high dielectric 


strength to the askarel. This filtering should be done 


with the unit de-energized. 


CHART I 
DRY TYPE ASKAREL 
TRANSFORMER TRANSFORMER 


LIGHTNING 
EXPOSURE 


DIRECT 


THROUGH 
POWER 
TRANS. 


THROUGH 


CABLE 


%* MAY BE DISTRIBUTION TYPE. ALL OTHER ARRESTERS 
INDICATED SHOULD BE STATION TYPE. 


Since dry-type transformer windings have consider- 
able air circulation through them, it is necessary to 
clean the windings periodically to prevent dust collec- 
tions that will reduce the effective cooling of the unit 
or lower the insulation strength. The coils may be 


cleaned by using clean, dry air at reasonable pressure. 


The porcelain insulation may be wiped clean with 


cloths free from oils. If oil vapor has been present in the 


cooling air, the maintenance may be considerably more 
difficult. In general, the amount of maintenance re- 
quired will depend largely on the location and atmos- 
phere in which the transformer is operated, and will be 
quite similar to the maintenance required on large 
motors or generators. For safety reasons, all cleaning 
operations should be done with the transformer de-ener- 
gized. 


Terminations 


Since most askarel-filled and dry-type transformers 
are located indoors near the center of load, the trans- 
former terminals are somewhat different from those of 
the customary oil-filled unit with cover bushings. Most 
of thesé indoor units are fed by high-voltage cables 
and, therefore, the high-voltage connections to the 
transformers should be metal clad, i.e., totally enclosed 
in some type of metal casing. This adds appreciably to 
the safety of indoor units without the usual expense of 
large enclosed or screened areas. 
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Transformers in the 5-kv class or lower may be con- 
nected directly to individual high-voltage breakers or 
may be cable connected through oil-filled cutouts, 
potheads, or air-insulated switches; or in the case of an 
askarel-filled unit, the unit may be connected through 
an askarel-filled switch. For.units in the 8.66-kv and 
13.2-kv classes, the transformers may be direct con- 
nected to high-voltage breakers, or cable connected by 
means of potheads or air-insulated switches. Here too, 
the askarel-filled transformer may have an askarel- 
filled switch. 

In most load-center installations, the transformer’s 
low-voltage winding is direct connected to low-voltage 
switchgear. Where it is absolutely necessary to separate 
the transformer and low-voltage switchgear, for ex- 
ample to locate them on different floors, connections 
can be made by cable in conduit or by bus ducts. Such 
installations generally require that special considera- 
tion be given both transformer and switchgear. 


Special Considerations 


Dirt : 
Although the dry-type transformer eliminates the 
liquid problem, it is not universally applicable. This 


transformer is cooled by the passage of air through the © 


various ducts in the windings. If these ducts become 
clogged with dirt, the temperature of the winding will 


rise to dangerously high values. Atmospheres containing 


oil vapors accentuate the dirt problem and those con- 
taining metallic particles may cause insulation failures. 


former. Of course, not all of this dirt will remain inside 
the ducts. Nevertheless, there will be gradual accumu- 
lation of dirt over a period of time. The less dirty the 
atmosphere, the longer the time before the ducts need 
cleaning. 


The dirt problem in dry-type transformers is the 
same as that in rotating machines such as motors and 
generators. For at least 25 years, large rotating ma- 
chines have generally utilized the closed system of. 
ventilation to minimize the introduction of dirt. Filters 
have been tried in the incoming air passages of dry-type 
transformers. However, a filter is only as good as the 
maintenance it receives, and a filter clogged with dirt 
can be just as serious as a blocking of the air passages 
of the transformers. 


This problem has been dismissed by many indus- 
trial-plant operators for the following reason: Good 
housekeeping on a plant electrical system often re- 
quires that the system ‘be cleaned once or twice a year, 
and if the busses, bus ducts, motors, etc., have to be 
blown out with dry air, itis but little extra work to clean 
a dry-type transformer at the same time. Many 
modern plants are air conditioned and in them dirt is 
not usually a major problem. 


Lightning 

Reference to Table IV will show that the impulse 
strength of the dry-type transformer is substantially 
lower than that of the askarel transformer. Accordingly, 
dry-type transformer applications require more atten-_ 


TABLE IV 
PERFORMANCE CHARACTERISTICS OF THYRITE STATION-TYPE ARRESTERS* 


Arrester Discharge ores 


System! Volt Trane Iinpulse Levela| Agrestet Impalceenace 
Arrest Ae o "Clase a ene ee B40 de Wave, Kv Crest el Lata Cresta ie ¥, Soe ee RS 
ating Class 
K 
v Gms) | Ungrounded | Grounded Ky Askarel Dry-type ,| Frontof | 1ex40us | 1500 Amp | ‘3000 Amp 
3.0 2400 4160 5.0 60 25 12 10 9 10 
4.5 4160 4800 5.0 60 25 16 14 : 15 16 
6.0 4800 7200 5.0-8.66 60-75 : 25-35 21 19 18 19 
7.5 7200 ee 8.66** 75 35 26 23 OPA eras oy 
9: Oe ees 11500 15.0 95 50 31 27 | DATE 29 
12.0 11500 13200 15.0 95 50 40 35 . 86 38 
15.0 aZOOr eee a 15.0 95 50 52 45 45 48 


Beanie cs 2 a cc AL a SEN 
* These arresters are also used for protection of a-c rotating machines. They have the porcelain-top construction with center line-terminal for maximum 


economy of installation space. 
**Applies only to three-phase transformers. 


A considerable amount of dirt passes through a dry- 
type transformer in a day, as is indicated by the follow- 
ing calculation: Approximately 85 cu ft of air per minute 
is required for each kilowatt of loss. A cubic foot of air 
weighs approximately 0.08 Ib. A 500-kva 4160/480-volt 
dry-type transformer will have a total loss of approxi- 
mately 6770 watts. Accordingly, approximately 65,000 


|b of air will pass through one of these transformers in 


24 hr. If this air has as little contamination as 1/10 of 1 
per cent, 65 lb of dirt will be carried through the trans- 
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tion if there is any likliehood that lightning may reach 
the transformer. The degree of exposure of indoor 
transformers to lightning varies from direct exposure 
to no exposure at all. A summary of recommended 
arrester protection is given in Chart I. 

If the transformer is connected directly to exposed 
overhead lines, arresters at the transformer terminals 
are recommended practice. If an askarel transformer is 
used, this one set of arresters is sufficient. Dry-type 
transformers, on the other hand, owing to their lower 
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impulse strength, should have a second set of arresters 
connected to the line at approximately 1500 ft from the 
transformer to reduce the surges as they travel to the 
plant. (This second set of arresters may be of the dis- 
tribution type.) However, because the plant and lines 
are usually under different ownerships and manage- 
ment, it is not always possible to have the second set 
of arresters installed. Direct strokes of lightning to the 
line near the plant could also cause trouble. The askarel 
transformer, with its high impulse strength, is definitely 
the better risk for this type of application. 

If the exposure is through a stepdown power trans- 
former bank, the first consideration is to have adequate 
arresters on the high-voltage terminals of the power 
bank. Additional arresters at the terminals of the dry- 
type transformers may prove desirable because analysis 
indicates that the surges that can come through the 
power transformer can have magnitudes greater than 
the listed impulse strength of dry transformers. The 
askarel transformer, having an impulse strength about 
twice that of the dry type, does not require additional 
atresters. 

If the exposure is through a short length of cable, 
either type of transformer will require arresters at the 
junction of the cable and overhead line, with the 
arrester ground bonded to the cable sheath. If the trans- 
former is of the dry type, a second set of arresters is 
definitely needed at its terminals as this is a reflection 
point for the incoming wave. Askarel transformers do 
not require arresters at the junction of the cable and 
transformer. 

There are a large number of indoor applications in 
which the transformers are connected either to all- 
cable circuits or to circuits having minimum exposure 
to lightning and for such applications the dry-type 
transformer can be used without reservation. 


Dry-type Transformers for Power-house Auxiliaries 

The desire to eliminate liquid transformers indoors 
has led to the use of the dry-type transformer in a num- 
ber of new steam-generating stations. Power-house 
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station installed in a steam-electric power 
station to serve the station’s auxiliaries. 
The transformer is of the dry-type 


auxiliaries are commonly supplied by a load-center 
system comprising severa] load-center unit substations, 


Fig. 5. Another installation of a modern load-center unit substation, this 

one in an industrial plant. Where, as illustrated, the substation is mounted 

overhead to save floor space, the lighter weight of the dry-type transformer 
compared to that of the askarel type is of especial advantage 
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q@ Fig. 4. A modern load-center unit sub- 


the number depending on the size of the generating 
station. These substations are usually located in air- 
conditioned rooms that minimize the dirt problem. In 
Fig. 4 is shown a photograph of a load-center unit sub- 
station which has a dry-type transformer and which 
supplies some of the auxiliaries in a new steam station. 


Up to the present time, little interest has been shown 
in the dry-type transformer for auxiliary supply in 
hydro plants. In fact, in many instances, the knowledge 
that the two types of transformer are identical in price 
has resulted in the immediate selection of the askarel 
transformer. This preference is possibly because clogged 
ventilating ducts in hydro generators have been a 
major maintenance problem. During certain times of 
year, insects by the thousands appear around hydro 


plants and they get into every available air passageway. 


It requires but little imagination to picture what would 
happen to a dry-type transformer under those adverse 
conditions. ; 


Applications to Secondary Network Systems 


As previously mentioned, askarel transformers have 
been applied to secondary network systems in many 
cases where locations demand an essentially fireproof 
unit. Many of these systems have been built up using 
such transformers almost entirely. In recent years, 
considerable interest has been shown in the use of dry- 
type transformers for this service. The general charac- 
teristics of dry-type units fit very nicely into network 
building-vault applications. There are, however, a few 
points to be kept in mind when considering dry-type 
transformers for network service. These points are: the 
somewhat higher noise levels, the possibility of moisture 
entering the transformer, and the possibility of the 


_transformer vault being flooded. On the other hand, 


there may be installations where freedom from liquids 
in transformers or lighter weights may favor the dry- 
type transformers. Since most network systems are 
entirely cable connected, the impulse problem is not of 
much concern. 


Summary of Applications 


Of the two types of transformers, the askarel is the 
more universally applicable. It is suitable for indoor 
use, outdoor use, semi-hazardous locations, vaults, 
roofs, or balconies. Its dielectric strength is so high that 
it can be provided with a liberal margin of protection 
by available lightning arresters. Likewise, switching 
surges are of no concern. An askarel transformer origi- 
nally purchased for indoor use can later be used outdoors 
if desired. Rain, sleet, snow, dripping water, sprinkler 
systems, fire hosing, corrosive and semi-hazardous 
atmospheres, dust, dirt, oil vapor, soot, etc., are 
essentially no problem to the askarel-transformer user. 


The dry-type transformer, as built today, is strictly 
an indoor transformer. Because of the relatively low 
impulse strength of such transformers, arresters will 
not protect them with the same margin of safety that 
they will protect liquid-filled transformers. Accordingly, 
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it is questionable whether dry-type transformers should 
be connected to directly exposed overhead lines. The 
fact that the atmosphere is in intimate contact with the 
transformer core and coils requires that strict attention 
be given to the atmospheric conditions at the place of 
installation. Oil vapors will put an oil film on the coils, 
causing dirt to adhere to them more readily. If dry-type 
units are installed in a basement, the sewer might back 
up and flood the windings and cause flashover. (Actual 
failures have occurred from these causes.) 


On the other hand, the dry-type transformer has no 
liquid to leak and is lighter than a comparable askarel 
transformer. This is a definite advantage when the 
transformer is to be installed in the rafters, or in a 
building where floor loading is critical as in the applica- 
tion shown in Fig. 5. 


The dry-type transformer is thus best suited to 
indoor locations that have: 


(1). Clean, dry atmospheres 
(2). No possibility of flooding 
(3). No exposure to lightning. 


Under these conditions, a properly applied dry-type 
transformer should give many years of reliable service. 
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7, Easy to save! “I’m putting my 
money into U. S. Bonds because 
it’s the easiest way for me to save. 
Under the Payroll Savings Plan, I 
put aside a regular amount each 
week for Bonds. So far, I’ve saved 
$500 without missing the money!” 


4Y, Fights inflation! “I want America 
to stay economically sound. That’s 
why I’m putting all our extra dollars 
into U. S. Bonds. It’s like buying 
a share in our country’s future 
prosperity!”’ 


Which of these five people gives the 
right reason for buying U.S. Bonds ? 


( ANsweR Betow ) 


2, Goodinvestment! “Getting back 
$4 for every $3 I invest—the way 
I will in ten years’ time with U. S. 
Bonds—is my idea of a good invest- 
ment. I know it’s safe and sound, 
too, because it’s backed by Uncle 
Sam. Buy Bonds, I say.” 


5, Rainy day! “Maybe a rainy day's 
coming for me. Maybe it isn’t. But 
I am taking no chances. That’s 
why I’m buying all the U.S. Bonds 
I can through my Payroll Savings 
Plan.’’ 


3, Plans for the future! ‘“T'en years 
from now, the money I’ll get for my 
U.S. Bonds will help to send my kids 
to college, or buy our family a new 
home. I think that buying U. S8.. 
Bonds is the wisest thing a family 
man can do.” 


THE ANSWER 


Every one of these people 
gives the “right’’ reason—be- 
cause there’s more than one 
right reason for buying U. S. 
Bonds. 


Whichever way you buy 
them—through Payroll Sav- 
ings, or your local bank or post 
office— U.S. Bonds are the best 
investment you can make! 


Save the easy way..buy your bonds through payroll savings 


Contributed by this magazine 


in co-operation with the Magazine Publishers of America as a public service. Martina 


Council 
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SIXTY YEARS OF PROGRESS 


A DECADE OF 


EXPANDING 


In the years between the dawn of 
the twentieth century and its first 
major upheaval in 1914, the British 
Thomson-Houston Co., Ltd. had 
grown in stature and reputation. 

In 1903 the BTH built their first 
turbo-alternator which was of the 
vertical type, as shown above; but 
within a few years they changed 
over to the horizontal type as now 
universally used. 

In the ensuing years BTH spon- 
sored and carried through many in- 
novations which are now common 
practice. They designed the distrib- 
uted rotor winding for turbo-alter- 
nators which gives enormously in- 
creased output. In high-voltage 
switchgear they developed to the 
utmost the breaking capacity of oil 
circuit breakers, and built the first 


INTERESTS 


motor-operated breaker in Britain. 
They developed rotary converters. 
They pioneered in the design of 
petrol-clectric road vehicles, and 
produced the first trolley bus in 
1909. In 1911 they began manufac- 
turing the first drawn wire tungsten 
filament lamp—forerunner of the 
now famous MAZDA lamp. 


The application of electric power - 


to textile mills, steel rolling mills, 
shipyards and collieries was inaugu- 
rated by the BTH company, as was 
the first overhead high tension trans- 
mission line—forerunner of the grid. 

The same spirit of enterprise and 
endeavour is alive in thé company to- 
day. As inthe past, so in the future, 
BTH will carry the fame and tradi- 
tion of British electrical engineer- 
ing to the four corners of the earth. 


RUGBY 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED, RUGBY, ENGLAND 
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A SIMPLE 8-CM WAVELENGTH 
MICROWAVE TRIODE OSCILLATOR — 


How to construct a single-cavity coaxial-type micro- 


wave oscillator of simple design for use in studying 


microwaves for industrial and other applications 


By Dr. C. L. ANDREWS 
Physics Dept., New York State Teachers College, Albany, N. Y. 


and Research Laboratory, General Electric Company pores 


Construction of the Oscillator 

In addition to the 2C39 triode tube, the oscillator 
includes the single coaxial cavity shown in Fig. 3. The 
chamber at the left in that illustration is to shield the 
high-potential cooling fins at the plate end of the tube 
and thus prevent radiation from that end of the 
oscillator. 


Fig. 4, so that the antenna coupling loop can be inserted 
at the center. Thus, when one wishes to rotate the 
plane of polarization without changing the intensity of 
radiation, the whole oscillator may be rotated about 
the axis through its center. The %%-in. brass tube 
shown attached to the shield cavity 1s for connection 
of a rubber hose from an air line. Twenty-five No. 56 
holes in the opposite side serve as air outlets. If com- 
pressed air is not available, two holes an inch in 
diameter may be cut on opposite sides of the shield 
chamber and covered with wire mesh, and a small 
blower employed for cooling. The disk that closes the 
back .of the shield cavity makes a press fit and may be 
removed for changing tubes. 

The oscillator is operated in a grounded grid type of 
circuit. A phosphor-bronze clip, shown in Fig. 5, serves 
to connect the grid and cathode. A DuPont Teflon 
sheet 44 in. by 3% in. and 0.003 in. thick, is wrapped 
around the plate cylinder of the tube as a radio- 
frequency by-pass. Mica sheets are also satisfactory as 


Fig. 1. The 8-cm microwave oscillator mounted at the focal 
point of a four-foot parabolic reflector 


HIS article describes how an 8-cm microwave 

oscillator has been built with a disk-seal triode 

tube as a principal component. The oscillator 
is completely shielded to prevent its radiating any 
output except by way of the antenna; and together 
with its shield it is so small that it can be mounted at. 
the focus of a large parabolic reflector, as shown in 
Fig. 1. When placed at the focal point of this four-foot 
reflector, the oscillator produces an intensity at a dis- 
tance of 100 ft sufficient to cause full-scale deflection 
on a hand intensity meter. When the oscillator is used 
for short distances, such as in a room, a small reflector 
is mounted on the front of the device, as shown in Fig. 2. 


This article is so paged that, without mutilating other articles, it can be Fig. 2. The oscillator witha small parabolic reflector for use over short 
conveniently removed for separate filing by tearing out pages 40 to 43.—Eb. distances 
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The triode tube is placed off-center, as shown in. 


1\ as 
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Fig. 3. Cross-sectional drawing of the oscillator, showing essen- 
tial dimensions 


by-passes but will not mechanically survive many 
removals of the tube. 

The fingers of the slotted cathode cylinder (Fig. 4) 
serve to hold the tube from longitudinal movement. 
The four slots are 90 deg apart and a half inch long. 
A phosphor-bronze U-shaped spring held to a fiber 


bead with a 2-56 screw, as shown in Fig. 6, serves as_ 


connector for the filament circuit when inserted in the 
small cylindrical end of the tube. 

The power connections are made by a double-con- 
ductor shielded cable and a threaded coupling-type 
connector in the shield wall. The single wire frorn the 
filament and shielded cavity need not itself be shielded, 
provided it leaves the cavity at the point indicated in 
Fig. 4. | : : 7 

The oscillator is operated at about 300 volts d-c 
plate potential and 170 milliamperes plate current. This 
is above the rated plate current for the tube (100 ma) 
and thus this unit, so operated, is suitable only for 


experimental or laboratory use. However, the oscillator _ 


has been operated nine hours a day for 20 days with 
constancy of wavelength within one per cent, and no 
noticeable variations in intensity. Not all tubes can be 
expected to perform at this excess of rating. 

Often it is desirable to apply an alternating plate 
potential so that the output. will be modulated by the 
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Fig. 4. Cross section of the cavity assembly 
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frequency of the power source. For instance, if one 
wishes to examine the intensity distribution in field 
patterns aurally, he can use a crystal detector and ear 
phones or an audio amplifier and speaker. If a 350-volt 
60-cycle supply is employed, oscillations will occur for 
about one-quarter of each cycle. The average plate 
current will be about 50 ma, which is well below the 
maximum rating for the tube. If the alternating plate 
potential is varied, the output microwave intensity is 
maximum at about 350 volts. The intensity maximum 
is so sharp at optimum plate potential that it is well to 
determine this optimum for each tube used. 


Fig. 5. The phosphor-bronze 
clip used to connect the grid to 
the cathode: 

(a) Flat, and (b) Bent for use 
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Fig. 7. The dipole antenna and coupling loop: (a) Holding bead, (b) Wire 
before final bending, and (c) Assembly 


A fine adjustment of frequency. through a range of 
about one per cent may be made by moving the 2C39 
tube longitudinally over a range of about 0.5 cm. 

The disk at the cathode end is made thick so that it 
can be used as a tuning plunger. The plunger is moved 
by small steps until the desired frequency is obtained 
and then the plunger is soldered to the cavity wall and 
to the cathode cylinder, For vempona tuning, a 
plunger having an easy slip fit is entirely satisfactory. 

Although most of the 2C39 tubes tried in this tunable 
cavity gave sharp cut-off at slightly above 4000 mega- 
cycles, the 2C39 tubes are not rated for this high fre- 
quency. Thus it may be necessary to select tubes for 
satisfactory output. 

The antenna with line and coupling loop, shown in 
Fig. 7, is a copper-wire hairpin inserted with slip fit into 
a polystyrene bead. Coupling to the chamber may be 
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altered by slipping the loop in or out of the chamber, 
over a range of about 0.5 cm. The loading and output is 
thus varied. If the coupling is too close, the oscillator 
will cease to function. 

At the maximum loading, the plate current is sensi- 
tive to radiation reflected back to the oscillator, varying 


small panel-type microampere meter, as indicated in 
Fig. 9. A 30-ma instrument is best but one of higher 
current rating can be used. 

Also, if a wave meter is not available, the wavelength 
can be determined by measuring standing waves in free 
space as indicated in Fig. 10. The reflector is a sheet of 


Fig. 8. An intensity meter that provides a convenient means of measuring the radiation from the oscillator 


by as much as 30 per cent when large objects move 
through the beam. A moving object reflects radiation 
back to the oscillator with a phase that varies at a rate 
dependent on the velocity of the reflector toward or 
away from the oscillator. If the component of the 
velocity of the reflector toward or away from the 
oscillator is v and the wavelength is \, then the fre- 
quency f of variation in the plate current is given by 
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Fig. 9. A simple make- 
shift intensity meter 
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Fig. 10. Asimple arrangement for measuring wavelengths by locating standing waves in space 


For instance, an automobile moving toward or away 
from the oscillator at 40 miles per hour will produce 
a frequency of 450 cycles per second in the plate circuit. 


If it is desired that the output of the oscillator be 
relatively independent of reflected radiations, the loop 
to the antenna must be coupled loosely. Matching the 
line to the antenna may be partially accomplished by 
bending the short line together or apart over a range 
of a millimeter. 


Even if a wave meter is available, a simple intensity 
meter (such as that shown in Fig. 8) is very convenient 
to indicate when the cavity is oscillating. An intensity 
meter of low but ample sensitivity for use with the 
oscillator may be easily made by fastening a 1N21 
silicon crystal detector between the terminals of a 
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metal about two feet square. The ‘‘optical bench’’ is 
best made from a meter stick and wooden supports. 


Evolution of the Oscillator 


The radio amateur or engineer who wishes to develop 
oscillators for specific industrial purposes may be 
interested to learn that the oscillator described was 
evolved by a stepwise, cut-and-try process. It began as 
an oscillator with two coaxial resonant cavities similar 
to the oscillator employing the 2C43 triode that has 
been described for industrial and educational pur- 
poses.” The iris which served as coupling between the 


(1)‘‘ Will Industrial Electronic C i fi Fel Ox i 
GENERAL, ELEcTRIC REVIEw, Sen reriGse. eee ene 


(2)‘‘ Microwave Optics’’ by C, L. : ; 
December 1946; vol. 14, p. 379. Andrews, American Journal of Physics, 


“‘Suggested Experiments in Mi Se Omtiodlt! : 
General Electric Publication ESplesee ptics,’” by C. L. Andrews, 
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two resonant cavities was increased in diameter by 
steps. When the iris was of sufficient diameter, it was 
found that the screw probe from outside the cavity 
through the iris could be omitted. 


The size of the iris was finally increased until there 
was left no wall between the two cavities and only a 
wire connecting the cathode to the grid. For con- 
venience in application of the oscillator, the tube was 
placed off-center. At every step the cavity could be 
made to oscillate in one mode. The oscillator has thus 
been evolved from one having two coaxial resonant 
cavities to one having a single reentrant cavity. 


Conclusion 

This article was inspired by the interest of W. C. 
White in industrial and amateur applications of micro- 
waves, and it was prepared with two objects in view: 
one to provide a simple design of oscillator for experi- 
mental and industrial applications, and the other to 
encourage those who have not previously dealt with 
microwaves to build their own—either elegant or 
“tomato can’’—varieties of microwave cavity oscil- 
lators. 7 

The radio amateur’s adage that anyone can make a 
circuit oscillate but only a skillful person can.keep it 
from oscillating applies equally well to microwaves. 


(3)‘* Cavity Oscillator Circuits’’ by A. M. Gurewitsch, Electronics, February 
1946; vol. 19, p. 135. 
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Five 3500 hp and one 3000 hp D-C Motors manufactured at the Peterborough 
Works of Canadian General Electric driving main rolls on a 56 inch continuous 
strip mill at The Steel Co. of Canada Ltd., Hamilton, Ont. 


Vu Canada. - 


eight large factories manufacture 
General Electric products. 30 
engineering and sales offices, 
and 15 warehouses are located 
from coast-to-coast to serve you. 


CANADIAN GENERAL ELECTRIC CO LTD 


Halifax * St. John * Sydney * Montreal * Quebec * Sherbrooke * Chicoutimi * Trois Riviéres * Ottawa * Toronto 
Hamilton * London * Windsor * New Liskeard * Sudbury ° St. Catharines * Nordnda * Timmins * Winnipeg ° Fort William 
Saskatoon * Regina ° Brandon * Calgary * Edmonton * Lethbridge * Vancouver ° Victoria * Trail * Kelowne 


What Is Your RESISTOR Problem 


Ward Leonard resistors are designed to withstand all atmos- 
pheric conditions as well as vibration and other tough oper- 
ating conditions. Ward Leonard manufactures a wide range of 


types, sizes, ratings, terminals, mountings and enclosures. 


Beyond this—there's Ward Leonard Result-Engineering. By 
slight modification of a basic design resistors can be ‘'Result- 
Engineered" to meet your exact needs—without the extra 
cost of a special design. Tell us your problem. For bulletins, 
write Ward Leonard Electric Co., Mount Vernon, New York. 
- Resistors + Rheostats - Relays * Control Devices 
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Which G-E insulating varnish for your job? 


Here Are a Few of the 
Many G-E Varnishes Designed for 
Specific Types of Applications 
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FOR REPAIR 
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~~ Electrical equipment is no better than its insulation _ 


@ A paper mill motor is designed to resist moisture, oil, acid 
and chemical solutions—and keep right on running. So, to 
insulate a motor of this type, General Electric varnish special- 
ists recommended G-E Clear Baking Glyptal Varnish 1154. 

This particular varnish is compounded to withstand acci- 
dental soakings, yet stay hard and flexible to provide long 
service. In addition, it has excellent dielectric strength, adhe- 
sion, and aging characteristics. 

Your insulation problem may be complex or simple. But 
whatever your requirements, there’s a G-E varnish specially 
designed to meet your needs. Experts match a varnish to your 
job, and G-E Quality Control methods keep each individual 
shipment uniform. 

Call your local General Electric Distributor for more details 
on General Electric Insulating Varnishes. Or write to Resin 
and Insulation Materials Division, Chemical Department, 
General Electric Company, Schenectady 5, N. Y. 
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-VARIABLE-FREQUENCY 
METALS COMPARATOR 


Rapid checking of both magnetic and nonmagnet- 
ic materials for hardness, composition, or heat 
treatment at frequencies from 50 to 10,000 cps 


By D. E. BOVEY 


General Engineering and Consulting Laboratory 


General Electric Company 


ETAL parts and stocks, appearing alike but 
differing either in composition, heat treat- 
ment, or hardness, can be separated quickly 

and easily with the metals comparator described in 
this article. Operation of this new instrument, which 
employs a balancing electric network, is nondestructive, 
and the instrument can be used effectively for either 
magnetic or nonmagnetic testing. 


The new comparator was developed as a result of a 
war assignment involving the construction of metals 
comparators for conducting magnetic studies of various 
ferrous metals. Following the war, it seemed that a 
relatively inexpensive comparator, combining the 
advantages of several of the others, was needed. 
The new metals comparator (Fig. 1) was developed 


point is obtained with a standard specimen inside the 
solenoid. If the piece under test 1s identical to the 
standard, a balance is again observed. If, however, it is 
not identical, the impedance of the solenoid is different, 
and the circuit is not in balance, this condition being 
noted by a microammeter. Four ranges of sensitivity 
are provided by means of a d-c amplifier. 3 


Uses to date of the comparator include differentiation 
of annealed and unannealed steel bars and sorting of 
finished metal parts on the basis of heat treatment or 
composition. In addition, it has been used to sort 
ferrous metal parts on the basis of average hardness. 
An advantage of the instrument is its ability to make 
the tests without the need for wiping, cleaning, or 
otherwise especially preparing the specimens. | 


Fig. 1. The variable frequency of this metals comparator enables materials to be tested at several frequency 
points, sometimes necessary in revealing important characteristics of the sample. Use of the higher 
frequencies, 1000 to 10,000 cps, permits the checking of nonmagnetic materials 


to meet this requirement. It is no larger than a port- 
able radio, inexpensive, and so simple and rapid in 
operation that it can be used for inspection in a 


stockroom or on a production line by a nontechni- 
cally trained operator. ! 


Application 


Operation of the device is accomplished by inserting 
the piece to be tested in the center of a solenoid forming 
one leg of a balanced electric circuit, the other leg of 
which is a variable resistance. Beforehand, a balance 


This article is so paged that, without mutilati i i 
: ) I ating other articles, it can be 
conveniently removed for separate filing by tearing out pages 45 to 49.—En. 
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Samples may be tested as rapidly as they can be 
inserted in the test coil and removed, after a moment has 
been allowed for reading the instrument. Tolerances can 
be established so that a specimen is accepted or rejected 
on the basis of whether the pointer reading is within a 
specified number of scale divisions from the center. 


Description 

The new metals comparator is housed in a steel 
cabinet 22 in. long, 11 in. high, and 17 in. deep and has 
a weight of approximately 55 lb. The test coils are 
available in various sizes to accommodate test samples 
from 1% in. to 3 in. in diameter. | 
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Fig. 2. One of the successful applications has been in the sorting of steel 
bar stock. Here, the comparator is being used to differentiate between 
annealed and unannealed cold-drawn steel rods 


not. The comparator was placed in a convenient nearby 
location, as shown in Fig. 2. | 

The test coil was then slipped over the end of one of 
the rods of the unannealed stock, and a balance point 
was determined. During these tests, a test frequency of 
50 cycles was used. All of the unannealed rods produced 
readings from minus two to plus three, while the 
annealed rods of the same material read from plus eight 
to plus thirteen. Table I shows the results of these tests. 
In making the tests, the coil was slipped over the end of 


each bar a distance of about two feet, to avoid end-. 


effects. 


Effect of Frequency. Table II shows the comparisons 
obtained from checking a few bars of AISI C1020, 


AISI B1111, Type 416 free-machining steel and ingot — 


iron against a specimen of AISI C1020. From these 
data, it appears that the bars of B1111 and ingot iron 
gave the same results, even though both were different 
from the standard, C1020, with which they were com- 
pared. Because of this similarity at the test frequency 
of 50 cycles, the samples were compared at a test fre- 
quency of 500 cycles, at which point the separation 


Fig. 3. Comparison of relay armatures made 
of various kinds of steel 
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, | ee | : became very definite. | eee eeeee eee saBEeSHaETSeTESHSGaE 
Since the equipment is designed for operation from a 12 — feeespeese 
| 115-volt 60-cycle power source with power requirements TABLE II : PoE = aL epee 
‘ . ‘ I [| | [espa] 
\| of approximately 100 watts, it can be operated at DATA OBTAINED IN STEEL STOCKROOM TO SHOW DEERE EEE ENS PPPS auuan EEEEEEE CEH 
| almost any convenient location. DIFFERENTIATION BETWEEN INDICATIONS OB- ; oc aeuteees seta: tarttostontastesttantants EEE EEE 
| TAINED WITH AISI C1020 COLD-DRAWN BARS, PEELE PEE eee SEPP CEERI #86 big EEEEEEEE EE a 
| Results of Tests AND BARS OF OTHER TYPES OF STEEL* Sev eeeeae¢cauener”_ cesar Saauesbinagaceeer Sol eaesaanns ee a 
| ZEEE EEE EE EEE EEE EEE EEE EE er aig PPR 
Identification of steel bar stock has been one of the 4 ay ae05S850 PEE EEE EH EEE EERE CESS SeEaaee PCE 
a De nen Ce Gar verator Readin EEE EEE HHH 2c 2oSenee BEE 
most successful applications of the new variable fre- P P g So ENN PEE PLEA BEE BS 
| oto Seaaee=S6>-a0annee2— Sane HH BREE EEE EEE EEE EEC eee 
| quency metals comparator. Recently, a quantity of 1-in. PCr er EE sae PEEEEEEEEEEEEEEEEE ches 
ee ca AISI C1020 Ap age eee ES Seeseeer rane Su SUSE SU SEEUUEEEEEEES Fig: 4.1 Comparison’ of: nine tycea en 
diam, cold-drawn steel rods ( 1020) in. a stock- 9 Goi aes (Balance) Sea: Ee seuss eases eases raerasenTaeceaesesseeeveuraenze aa eecaee nee ener round bor steel Sith’ a soe eee 
room was thoroughly mixed, after each had been | oggUEU Dunne PEEEEREEET EER Se susaee ECE CEEEEE-EEE cold drawn so ee 
: Be _ AISI C1020 “9 = RENEE EEE EEE ECE PEEEEC EEE EEE 
marked with an identifying number. Part of the rods Géjq qian andimonccale BOSSE RSE EEE EEE EES PERE EEE EEE EEE EEE 
| had been nonscale annealed, while the remainder had annealed » 4 EEE ESS PREECE SSCS SCC Bose 
| : AISI C1010 +25 + (off scale) “Hise Stina PEE i BE SS te 
: TABLE I yore aye e 6A PPS 4 CE th Siaueene 
’ re O20 Le 
| Steel bar type 416 Free mach. +25 +(off scale) seEEUTEEEEEE . TH = ae as aaaaae PLH 
| DATA OBTAINED IN SORTING AISI C1020 BARS IN Toterolled ee as d -@ CCC Ro BEB ~ 
! STEEL STOCKROOM eee hc ceuseEeae oct 
| Th f 50 d the No. 2 itivit d ct eound: “10 Beeae A. oeeSS ee Sssstit EEE 
| e test frequency was cps, an e No. Z sensitivity was used. AISI B1111 447 Gy tHeptt--H-- 1 8de H zt bo TH $00 
| Sample Number Be ecupuen | Comparalor neat eee drawn } 7 aS By 2 H tt 
: of Steel Lar oe eeenine 2 EEEEEEEE CHEER EEEEEE SSPE BEDE SESHEEEES 
| 113 AISI C1020 +0.5 pe ae | 
108 Cold Drawn 1-230 : : ; 38, and 42 were unannealed Nicaloi, whil les14to t f f 
: Be , Aken Relay Armatures Tested. Fig. 3 shows data obtained in icalo1, while samples o two or three types are contained in the mixture, a few o 
195 Be sorting a group of 44 relay armatures at various fre- 18 were stainless steel. The remainder were different the different ‘types should be tested at each of several 
| 194 eo quencies. Thirty-eight of these had been rejected pre- types of cold-rolled, Silicon, and chrome steels, but the different frequencies and these data plotted in the form 
195 0 viously because of faulty relay operation, while the identifications were somewhat uncertain, of curves, as shown in Fig. 4. In this particular instance, 
158 +3.0 remainder were acceptable. Pairs of lines were drawn These curves indicate that if a test frequency of 500 cold-drawn 4840 steel was used as the standard, and a 
Ws ea on the chart to include the points plotted for all samples cycles were used and the sensitivity setting increased sample of each of nine other kinds were compared with 
within each group to show the amount of variation from 2 to 3, all of the six acceptable samples would give it at 50, 250, 500, and 1000 cycles. From these curves, 
| F15 a ce 1 between specimens in a given group. After this magnetic a reading within the range of +3, while all the unac- it is evident that at some specific frequency each kind 
200 O rawn : ; : , : e 
218 nonscale annealed +10.0 information was obtained, the groups were checked by Lae oe a read off scale in either one may be separated from the others. 
: irection or the other, ‘wear 
| | 913 +13.0 other means to verify the results. : Testing for Plating Thickness. Tests indicate that thick- 
| 212 Bie Sample 20 was used as a reference, because it most Testing at Several Frequencies. If a mixed stock of ness of plating materials can, under certain conditions, 
q 210 closely represented the median values for the entire bars is known to have only two or three different types be ascertained. For example, it was found that there 
| 206 top group. Samples 1 to 12 were annealed Nicaloi, but were included, it is a simple job to pick a few of each type was differentiation between thick and thin plating of 
a? 19.0 from three different batches. The acceptable samples and then test at different frequencies and sensitivities to the same metallic material on both magnetic and non- 
ee ee were numbers 5 through 10, inclasive. “«mples 36, 37, see which gives“ he best results. However, if more than magnetic base materials. It was further established 
tovember, 1947 November, 194°) GENERAL ELECTRIC REVIEW ne ' } 


» 47. 


that a relationship existed between the thickness of 
nickel plating on brass and the comparator reading. 


Testing for Casehardening. ‘The results of an inter- 
esting experiment are shown in Fig. 5. Here, a number 
of pieces of drill-rod of Y%-in. diam and 4-in. length 
were uniformly case hardened to various depths by 
induction heating. This method of hardening was used 
so that the internal portions of the samples would not 
be affected. A study of the curve reveals that, under 
favorable conditions, it is possible to use the comparator 


variation in hardness as measured at two points on 
each of the six faces of a single nut ranged from 27 to 34 
in Rockwell C readings. It is obvious, therefore, that 
under conditions such as these, the comparator will 
indicate only whether the average hardness of the nut 


being tested is more or less than the average hardness 


of the standard with which it is compared. 


Principle of Operation . | 
It has been known for many years that a correlation 


existed between the chemical and physical properties of 


Fig. 5. 


in a production line, thereby separating any pieces 
which might differ from a standard sample, as to depth 
of casehardening, by more than a small tolerance. If 
the casehardening of the specimen is achieved by one 
of the older methods wherein the piece is hardened by 
heat treating and adding carbon to the outer surface, 
comparisons are not so successful. The reasons under- 
lying this are that the internal portions are usually 
affected by the heat treatment and that the quantity of 
surface carbonization is inconsistent. Thus there are at 
least two variables, and maybe more, entering the 
comparison, instead of only the one of case depth. 


Identification by Rockwell Hardness. ‘Tests have been 
conducted, and data obtained, which indicate that the 
metals comparator can be used, under certain con- 
ditions, to sort steel parts on the basis of their Rockwell 
hardness. There are certain difficulties encountered in 
correlating hardness with magnetic properties, the 
principal one being that of determining the actual 
hardness of the standard specimens with which un- 
known samples can be compared. For example, several 
hex nuts submitted by an automotive manufacturer 
were tested on a standard Rockwell tester, and the 
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Investigation of casehardening for round-bar steel 


metals and their electric and magnetic properties. It is 
also known that induced currents in metals located in 
varying magnetic fields depend upon the frequencies of 
the fields; and the apparent permeabilities of magnetic 
materials also vary with frequency, but at a different 
‘rate in the different materials. 


A study of Fig. 6, a simplified schematic diagram, will 
aid in understanding how these two basic facts are used _ 
in the metals comparator. The test coil is connected in 
series with a group of balancing resistors, with the 
common point grounded, and the output of a variable 
frequency oscillator is connected to the network. When 
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Fig. 6. Simplified schematic diagram of the metals comparator 
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the resistance of the balancing-resistor group is the 
same as the impedance of the test coil, at a particular 
frequency, the alternating voltages across the two are 
equal, though not in phase with each other. As a 
result of the equality of these two, the indicating 
instrument indicates a balance, or zero point. 


Assuming a balanced condition with a standard 
specimen in the test coil and no change of the controls, 
replacement of the standard with a test sample would 
cause a change in balance, resulting from a change in 
the impedance of the test coil. By providing a suitable 
means of indicating the balance condition, this arrange- 
ment, therefore, may be used effectively to compare 
metals. 


Need for Variable Frequency. Generally, the impedance 
of the test coil is increased by an increase .of either the 
permeability or the resistivity of the specimen in it. 
From this, it is seen that having two variables might 
create a condition wherein two unlike specimens would 
both produce balance at some particular frequency and 
sensitivity setting. For example, if at 250 cycles one 
sample had higher permeability but lower resistivity 
than the other, and the differences were just right, both 
would test alike, even though they were different. Since 


the permeability and loss effect of metals vary with field 


frequency, however, the two would not be the same at 
another frequency, say 500 cycles. The new variable- 
frequency metals comparator takes advantage of this 
by using an oscillator which supplies test frequencies of 
50, 250, 500, 1000, 2500, 4000, and 10000 cps. Since, in 
most applications, samples of the different parts to be 
ideritified are available, it is a simple matter to apply 
two or three different test frequencies to determine 
which gives the best identification. 


An equally important reason for providing a wide. 


range of test frequencies is the need for testing both 
magnetic and nonmagnetic metals. Inasmuch as the 
permeabilities of magnetic materials range from near 
unity to 1,000,000, the effect of introducing a piece of 
magnetic material in the field of an air-core coil is 
usually quite appreciable. A noticeable change in the 
impedance of such a test coil, even at frequencies as low 
as 50 cps, is found. Magnetic samples which have 
different physical properties usually have quite different 
magnetic permeabilities, and as a result, the use of low- 
frequency testing is made practical. 


Higher Frequencies for Nonmagnetics. Nonmagnetic 
metals, however, having permeabilities of practically 
unity, produce an effect in the test coil only as a result of 
induced currents. Since these induced currents are 
small in magnitude at the low frequencies, it is not 


practical to do testing work in this range. Consequently, | 
_ the higher frequencies, 1000, 2500, 4000, and 10000 cps, 


have been provided for testing these nonmagnetic 
metals. a 
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Flux Penetration Dependent on Frequency, Asa result of 
a wide range of test frequencies, the instrument has a 
greater versatility than is encountered in the usual 
comparator. Since the magnetic fluxes produced at the 
lower frequencies penetrate considerably beyond the 
surface, the sample’s identification is based on the 
material in the core as well as on the surface. The fluxes 
produced at the higher frequencies predominate in the 
surfaces of the sample, so identification is based on the 
surface material when the higher test frequencies are 
used. This phenomena permits the testing of samples 
that could not otherwise be tested, such as case- 
hardened parts. 


Tests indicate that the most suitable method of 
showing the balance condition of the comparator to the 
average nontechnically trained worker is to indicate it 
with the pointer on the scale of a large, easily read 
instrument. Such a method of indicating balance per- 
mits the assignment of specific tolerances to the amount 
of permissible unbalance. In addition, the need for the 
operator to interpret various patterns on an oscillo- 
scope screen is eliminated. A third advantage is the 
reduction in operator fatigue and eye strain. 


D-c Amplifier. For thesake of simplicity, reliability, and 
sensitivity, the alternating voltages across the test-coil 
balancing-resistor network are separately rectified and 
filtered. The resulting direct voltages are applied in 
opposition to the input of a balanced, two-stage, push- 
pull, direct-coupled d-c amplifier of very good stability. 
The output of the amplifier is then fed into a large- 
size microammeter. A total of four sensitivities is 
obtained by controlling the over-all gain of the am- 
plifier in steps. The maximum sensitivity available 
is such that a reliable indication is obtained when 
the replacement causes a change in the impedance 
of the test coil of less than one-half of one per cent. 
The connections of the indicating instrument are so 
arranged that a deflection to the right of the center 
zero indicates an increase in test-coil impedance, and 
to the left a decrease. 


Comparator As New Quality-control Tool 


The fixed-frequency magnetic comparator to check 
various ferrous parts for hardness, composition, or heat 
treatment has long been a tool of metal producers and 
fabricators. However, the new variable-frequency 
metals comparator supplies a wide range of test 
frequencies and hence offers an opportunity to extend 
the use of these principles to certain types of testing of 
ferrous parts that were heretofore time-consuming, 
difficult, or impossible of accomplishment. In addition, 
the comparator permits the testing of nonmagnetic 
metals with greater reliability and speed than under 
more usual methods, Thus a new quality-control tool is 
available to aid industry in achieving the goal of 
increased production at lower unit cost. 
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Electron Diffraction Instrument 


Electron diffraction instrument used in the study of rust, corrosion, lubrication, and other problems 
having to do with conditions of surfaces 


A new research tool, in the form of an 
electron diffraction instrument, has been 
developed for observing and measuring the 
conditions of metallic and other surfaces. 

One of the applications of the instru- 
ment is expected to aid in the prevention 
of rust. In studying the causes of rust and 
corrosion or methods of preventing them, 
it is essential that the nature of the de- 
terioration be determined in its early 
stages. One of the first uses of the instru- 
ment has been in the study of various 
alloys to determine their corrosion 
resistance in different atmospheres. 

Another important application of the 
device lies in the field of lubrication. Since 
lubrication is entirely a function of the 
surface film, the electron diffraction in- 
strument is valuable in determining the 
nature of good lubricants and of con- 
trolling the methods of producing them. 
Better lubricants, and thus longer-wearing 
machinery, are seen as an eventual result 
of investigations made with the instrument. 

In addition to corrosion and lubrication, 
the electron diffraction instrument, which 
requires only an exposure of approxi- 
mately five seconds for the analysis of sur- 
faces and thin films, will be employed in 
the study of catalysts, surface deposits, 
graphites, pigments for paints, inks, dyes, 
and in metallurgical investigations. The 
five-second exposure is in contrast to about 
30 minutes required for similar analysis by 
x-ray diffraction methods. With the new 
equipment, testing is nondestructive. 
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The electron diffraction instrument em- 
ploys an electron beam rather than light 
waves. An electron gun fires electrons ina 
high-vacuum compartment. En route to 
their target, however, the electrons are 
accelerated by an electrostatic field of 
40,000 volts and are focused by a mag- 
netic field. Hitting the specimen being 
examined, they bounce and form a diffrac- 
tion pattern on a photographic plate. ‘The 
pattern formed is characteristic of the 
crystalline structure of the material under 
examination and provides information 
which is not available through the use of 
the conventional x-ray and _ electron 
microscope. 


Inert-arc Welding Solves 
Tricky Problem in Chemical 


Plant 


A 200-ft strip of Type 302 stainless steel, 
36 in. wide and 0.030 in. thick, was success- 
fully welded into an endless belt on the 
first try in a large Eastern chemical plant 
recently by using the Inert-Arc welding 
process with the thin sheets slightly over- 
lapped at the start of the weld. This 
method, developed by welding engineers 
as an improvement over a Straight butt 


joint, reduced distortion and provided 


adequate reinforcement without adding 


filler material. 

The belt was welded with an air-cooled 
manual Inert-Arc electrode holder clamped 
to a crawler-type travel carriage which 
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traversed the joint at a uniform rate of six 
inches per minute. A tungsten electrode 
,-in. in diameter, transmitted a current of 


47 amp d-c. Argon welding gas at the rate 
of five liters per minute was used to shield 


the arc. 


As a result of trial welds on sample 


joints, a procedure was established to pre- 
pare the belt for successful welding. In this 
procedure, one end was cut square across 
and then clamped moderately firmly in the 


fixture, so that it projected halfway across 


the groove in the backing bar. The other 
end was first cut square and then draw- 
filed to form a very shallow arc. This arc 
was such that a straight-edge placed 
against the end of the belt would show a 
gap of about 3% in. at the center of the arc. 
The gap was tapered down at both sides 
until contact was reached about four 
inches from each edge of the belt. This 
trimmed end was then clamped—a little 
less firmly than the square-cut end—so 
that it overlapped the square-cut end 
about 7; in. at the start of the seam and 


barely overlapped it at the finish. The top - 


copper chill clamps were 4 in. apart and 
aligned with the groove in the copper 
backing bar. 

The bead, as welded, was very smooth, 
uniformly 4 in. in width, and about 
one and one-half times the material thick- 
ness. The majority of the reinforcement 
was on the under (root) side. The belt on 
either side of the weld was in the same 
plane. The weld was homogeneous and 
free of cracks or pinholes. The bead was 
ground flush on the back, and it was 
ground and polished to the vanishing 
point on the mirror-finished working side 
of the belt. : 

The theory behind this procedure is to 
adjust the rate of heat input to the point 
of very rapid fusion, but not so great as to 
prevent equally rapid freezing of the weld 
metal. The copper chill bars and backing 
then remove heat from the molten metal 
rapidly to give fast freezing, which causes 
the weld metal to pass rapidly through its 
critical range both in fusion and freezing. 
Moderate clamping allows the parent 
metal to slip before cracking stresses can 
build up while the weld metal is in its 
critical range. 

In this critical range between 525 and 
800 C, a carbon content exceeding 0.08 
per cent will precipitate out of the alloy. 
This precipitated carbon will draw 
chromium from the alloy to form a 
chrome-carbide network among the grain 
structure. This network, plus the chro- 
mium impoverishment of the alloy, reduces 
the physicai properties subject to stress. 
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A-c Network Analyzer for 
West Coast University 


An a-c network analyzer is now being 
designed for the University of California 
at Los Angeles. 

This is the second analyzer to be ob- 
tained by the U.C.L.A. College of Engi- 
neering. The first, a differential analyzer, 
was placed in operation on the university’s 
campus several weeks ago and is being 
used to solve complex mathematical 
problems. 

In addition to electric-circuit problems, 
the network analyzer being acquired by 
the West Coast university will be able to 
solve a wide variety of complex mechani- 
cal, thermal, fluid-flow, and machinery 
problems which, by long-hand calculation, 
could be solved only at a prohibitive cost 
in time and money. 

This type of analyzer can be used to 
study vibration in shafts and machinery, 
to analyze the temperature distribution in 
a material, to study the flow of fluids or 
gases through a network of pipes or of air 
over the wing of an airplane. 

Because of the many research and de- 
sign- and application-engineering studies 
for which the analyzer is suitable, it is also 
of special value as a demonstration unit for 
student engineers. 


For Laminated Plastics 


A new plant at Coshocton (Ohio) has 
been specially designed to meet the 
exacting requirements of complex and 
closely controlled processes in the manu- 
facture of laminated plastics. 

More than 300,000 sq ft of floor space 
have been provided in the single-story 
steel-frame plant and the two-story and 
basement office building. H-section truss- 
es, which were shop and field welded, 
have been used throughout the framework, 
which was designed to permit maximum 
flexibility in the overhead installation of 
handling systems and building equipment. 
The use of 51-ft trusses in combination 
with 41-ft jack trusses throughout all por- 
tions of the manufacturing building has 
made it possible to accommodate all pro- 
duction departments in the integrated 


straight-line layout with minimum column 
interference. 

Incoming materials are received over 
large depressed truck docks and a 205-ft 
covered railroad siding, traveling through 
several controlled-conditions departments 


to a high craneway bay where most of the » 


heavy laminating presses are in operation. 

Hundreds of supply and exhaust fans, 
the largest of which is 100-in. in diam, 17 
ft high, and handles more than 100,000 
cubic feet of air per minute, extend 
through the insulated steel-roof deck and 
furnish controlled ventilation to all other 
sections of the main manufacturing build- 
ing. Heat produced in certain molding 
and other operations is trapped in these 
areas and speedily exhausted to the out- 
side by drawing air at high velocity from 
the surrounding areas over the heat-pro- 
ducing equipment. 

Power distribution facilities have been 
concentrated overhead, largely in the 
trusses, where 3500 lineal feet of inter- 
locked armor cable, equally divided be- 
tween 5-kv and 600-volt sizes, have been 
suspended from the top chord by means 
of pipe brackets. 

Power is supplied to the two main 5000- 
kva substation transformers at 34,500 
volts and reduced to 4160 volts. Four 
1000-kva unit substations are located in 
the manufacturing plant, and two 750-kva 
stations serve the boiler house and varnish 
building. "hese deliver 480-volt 3-phase 
power to an overhead bus distribution 
system embracing nearly a half mile of 
plug-in and feeder lines, ranging from 
600-amp to 1000-amp capacity. All the 
smaller transformers have been mounted 
on special mezzanines suspended from the 
trusses. 


One of the first steps in the 
production of decorative 
laminated plastics at the 
Coshocton (Ohio) plant 
takes place in this con- 
trolled functional-treating 
department, where paper 
or other flat-rolled prod- 
ucts areScoated with var- 
nish and dried in a treating 
machine 
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Medical Applications for 
New Chemical Compounds 


Two new compounds of the uncommon 
element germanium, one of which may 
have medical applications in the treatment 
of a blood disease, have been announced 
to the American Chemical Society. ‘These 
compounds are dimethyl germanium 
sulfide and dimethyl germanium oxide. 

Silicones, from which are made oils, 
enamels, synthetic rubber, and other ma- 
terials having wide industrial uses, corre- 
spond to some extent to compounds of car- 
bon, for the reason that silicon and carbon 
are closely related in the periodic table of 
the chemical elements. Germanium, 
though less widely distributed on earth, is 
another member of the same family. 

Since it had been found that one of the 
silicones is capable of making materials to 
which it is applied water-repellent, it was 


‘thought that corresponding germanium 


compounds might act similarly. But it was 
found that this quality was lacking since 
the germanium compounds are quite 
soluble in water. This, however, indicated 
a possible medical application. 

About 15 years ago it was found that com- 
pounds of germanium could stimulate pro- 
duction of red blood cells in mammals, and 
experiments were made with them in the 
treatment of anemic conditions. Germa- 
nium compounds then available were but 
slightly soluble in water, making it difficult 
to give a patient enough to reach an effec- 
tive concentration in the blood. Since the 
dimethyl germanium oxide recently pre- 
pared is quite soluble, it may overcome this 
difficulty. However, it has been warned 
that medical research will be required to 
show whether it is useful in this connection. 


Explosion-proof-type fixtures have been used throughout the resin plant at the 
—~ Coshocton Works, where varnishes used in the manufacture of laminated plas- 
tics are formulated in deep kettles which extend through the floor grille to a 
basement area below. The impregnating resins are cooked in these steam- 
heated blending and reaction kettles and then piped direct to tanks from which 
treating machines in the manufacturing plant are supplied 
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new PRODUCTS: 


Lathe Attachment 


An independently operated hydraulic 
cross-slide attachment for second opera- 
tion on Models 15 and 16 spinning lathes. 
The slide is constructed to eliminate 
operator fatigue, increase production, and 
insure part consistency in trimming, 
beading, curling, or wire-rolling opera- 
tions. The operation of the slide is 
arranged in an automatic cycle with 
push-button starter. It is timed to enable 
trim cutters in the rear of the attachment 
to move in on the part and trim the edge. 


The cutters upon completion of their 
work automatically retreat, allowing the 
beading or curling attachments their turn 
at the part. After the completion of this 
operation, the curling and beading attach- 
ments return to their original position, 
giving free access to the operator for shell 
removal and the next installation.—E. W. 
Bliss Co., 450 Amsterdam, Detroit 2, 
Michigan. 


Crane 


This industrial revolving crane, Type 
U, can be of service to electrical con- 
tractors or maintenance departments 
handling heavy transformers, poles, 
transmission-line gear or wire. The crane 
is compact for working in confined spaces 
and can travel wherever a tractor can go. 
It has a lifting capacity of from 1% to 4 
tons and is equipped with a special steer- 
ing gear having roller-bearing knuckles. 


Enclosed stabilizers permit full front-axle 
movement for smoother traveling, yet 
provide needed support when swinging a 
load. Radiators and wheels are protected 
against damage from swinging loads by 
the heavy radiator guard and box-type 
bumper. Front-end construction  in- 
cludes a 72-in. axle, heavy steering 
spindles and reach rod, and heavy cast 
wheels.—Joshua Hendy Corp., Torrance, 
Calif. 


Socket Wrenches 


The new 49K assortment of Blackhawk 
Nugget socket wrenches is contained in 
a red metal bullet-shaped chest which 
has wheels and skids for scooting on shop 
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floors. The hinged lid, when open, serves 


_as a receptacle for parts. A scoop-type 


bottom facilitates wrench withdrawal. 
The set contains 49 double-duty drive 

socket wrenches weighing 12 lb, 2 oz, 

which are capable of doing the work of 65 


conventional type wrenches. The tre- 
duction in the required number of 
wrenches is made possible through the 
use of Hexite alloy steel which permits 
a qe-in. drive having strength equal to 
the usual }4-in. drive but the practical 
compactness of the 3%-in. drive.—Black- 
hawk Mfg. Co., Milwaukee 1, Wis. 


Steam Boiler 


A new line of electrode-type packaged- 
unit electric steam generators delivers up 
to 85 lb of steam per hr at 500 lb per sq in. 
gage pressure and provides accurately 
controlled processing temperatures up to 
470 F. 

Needing no long fuel lines, smoke- 
stacks, or flues, these compact boiler units 
called Speedylectric steam generators are 
said to do their work safely, silently, and 
at low cost, delivering, as heat energy in 
the steam, over 98 per cent of the electric 
energy input.—Livingstone , Engineering 
Co., 120 Milk St., Boston 9, Mass. 


Transmitter 


A new ultrahigh-frequency transmitter 
has outputs on the 10- to 11-, 6- and 2- 
meter amateur bands. This crystal-con- 
trolled transmitter uses an 829B tube in 
the final power amplifier stage, with plate 
input up to 100 watts. Crystal control is 
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AND WHAT THEIR MAKERS 
HAVE TO SAY ABOUT THEM 


by means of the newly developed Bliley 
overtone crystal-oscillator unit. The high- 
frequency inductors and sockets are 
among the many new parts which were 
designed specifically for this particular 
application.—James Mullen Manufactur- 
ing Co., Inc., Malden, Mass. 


All-welded Solenoid 


A new small all-welded solenoid for use 
where powerful pull is needed in a small 
space, such as in appliances, pinball 
machines, safety devices, trip mecha- 


nisms, and vending machines. The new | 


solenoid develops a maximum pull of 
0.26 lb in a half-inch stroke. It operates 
on 110 volts, 60 cycles. 


The L-shaped mounting bracket and 
the frame are welded together for long 
life. Frame laminations are of silicon 
steel, making possible more pull per watt 
input. Welding these laminations to- 
gether achieves high efficiency and also 
reduces eddy-current losses, since the 
welds are outside the magnetic flux path. 
The removable coil, sealed inside the 
plastic housing, is paper-layer wound, 
heat treated to remove moisture, and 
impregnated with a plastic. It is highly 
resistant to shock, splashing water, and 
oil.—General Electric Co., Control D1- 
viston, Schenectady. 


Drawing Instrument 


_ A new device, called Infinarc, for draw- 
ing curves. The desired curve is obtained 
with specially tempered wire forms whose 
Shape is altered by moving either or both 
of two adjustment screws along slots. 
The instrument is equipped with a 12-in. 
base and four preformed wire curves with 
which it is possible to produce almost any 
Shape desired, including reverse curves, 
to meet the needs of engineers and de- 
Signers, draftsmen and architects, com- 
mercial artists, and pattern and template 
makers. The four wires are easily and 
quickly interchanged by snapping loops 
Over the ends of the adjustment screws.— 
Cook Specialty Co.; Green Lane, Pa. 


(Continued on next left-hand page) 
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More light per pound 
for both studio and portable 


New 14-muf flash-tube capacitor, weighs 
214 lbs. and delivers 43.8 watt-seconds 
for studio use (2500 volts, 1000-hr 
service life) or, as a portable, 58 watt- 
seconds (2880 volts, 400-hr_ service 
life). 

This is a new high in capacity per pound 
for portable use. Same unit, in pairs, is 
interchangeable with popular 28-muf 
studio rating, saves 5 per cent in weight, 
8 per cent in cost. 
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AND MANY OTHER APPLICATIONS 


Here are examples of recent 


‘G.E. special designs 


A maker of photographic flash tube equipment wanted a 


lighter portable capacitor; 


he got one that could also be 


used in studio equipment. A maker of precipitation equip- 


buys this ceramic-tube, low-muf, 
high-voltage capacitor 


New .0075 muf, 10,000-v d-c capacitor 
for television, precipitation, and similar 
equipment requiring filtering in high- 
voltage power supply. Other capaci- 
tances (.0005 to .01) and voltages (3000 
to 30,000) can be made. 

Ceramic container acts as insulator, 
simplifies mounting; cuts size (volume) 
to 1/5th without lowering quality in 
any way. Ingenious internal hermetic 
silicone seal eliminates solder. Pyranol* 
filled. Net price, $1.28 in quantities of 
1000. 


Flash photography 


impulse generators 
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ment had a mounting problem;—he solved it with a 
capacitor costing one-third what he had been paying. 
Another manufacturer was using 600-volt capacitors in a 
400-volt application;—he saved mounting space with a 
new 400-volt capacitor and saved money, too. 
Let us try our hand at your special requirements. You may 
get even more than you ask for. 
New developments like silicones, a new paper—to mention 
two—are continually giving us new materials, new ideas, 
that we can put to work for you. Apparatus Department, 
General Electric Company, Schenectady 5, N. Y. 


New 400-v d-c line 


sizes smaller 


New 400-v d-c capacitors now available 
in 2, 4, 6, 8 and 10 muf. Pyranol®* filled. 
Solder-lug bushings of the recently 
announced silicone type, or screw- 
thread bushings. é 

Newly developed paper has permitted 
a 24 to 51 per cent cut in size (volume), 
yet with three sheets of solid dielectric— 
and, as a result, allows an appreciable 
‘cut in price over older designs. The 
same high quality level of the 600-v 
units is maintained in every way. 


*Reg. U.S. Pat. Off. 


4u7-147 


33 


Wire Protector 


A tough shatter-proof water-repellent 
transparent plastic wire protector, known 
as Snapon Wire Guard, serves as a pro- 
tection at friction points. Maintenance 
crewmen can snap the guard on, any- 
where, in a few seconds and it obviates 
the need to cut tree branches, etc. This 
protector eliminates arcing and burning 
due to current leakages. It prevents the 
fraying of wire insulation, protects and 
strengthens frayed wire, increases the 
dielectric strength of the wire it covers, 


and reduces re-wiring at friction points 
almost to zero. The 6-ft sections in which 
these guards are furnished can be readily 
cut to smaller sizes. Any two sections 
interlock and overlap, permitting con- 
tinuous installations of any desired 
length. At present, the guard is molded to 
fit most snugly over No. 4 and No. 6 
wires.— Martin M. Stekert, 45 W. 84th St., 
New York 1, N. Y. 


Neutral Bars 


One of the most interesting features of 
a new type of neutral bar is that panel 
manufacturers can buy the exact size 
neutral bar required for a particular 
installation with the definite number of 
outlets needed. For example, the 225-amp 
bar illustrated provides 42 outlets which 
are all 18? in. apart. This distance be- 
tween outlets is used on the three sizes— 
70, 125, and 225 amp—regardless of the 
number of outlets; special changes can be 


made for other requirements. Advantages 
of these bars are: neatness; compactness; 
good connection; quick installation; eco- 
nomical; they take No. 14 to No. 8 wires 
in outlets—Illsco Copper Tube and 
Products, Inc., Cincinnati, Ohio. 


High-voltage Ignitron 


A new ignitron tube, Type GL-5630, 
for radio transmitter and power rectifica- 
tion applications rectifies and regulates 
current and provides a one-cycle circuit- 
breaker action simultaneously. Because 
the tube is suitable for applications which 
require up to 3000 kw of d-c power, it is 
expected to solve an important power- 
supply ‘problem for broadcast stations, 
users of induction heating, and labora- 
tories employing cyclotrons and synchro- 
trons. 

Current is timed to a microsecond by a 
control grid which gives the tube its 
voltage-regulating and _ circuit-breaker 
qualities. A peak voltage, forward or 
inverse, of 20,000 volts is achieved by a 
special potential-dividing grid which 
lowers the voltage gradient between the 
anode and cathode. Its peak current is 
200 amp; average current is 50 amp.— 
Tube Division, Electronics Department, 
General Electric Co., Schenectady 5, N. Y. 
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Terminal Block Kit 


A new build-up terminal block kit, 
termed Type B, expressly designed for 
experimental work and maintenance 
operations. Kit No. 200 contains neces- 
sary molded sections, terminals, and 
screw assemblies; Kit No. 201 has a bal- 
anced supply of end brackets, partitions, 
screws and nuts, threaded rods, and 
washers. 

Any number of terminals from one to 
14 can be readily produced, a feature well- 
suited to electrical engineers and others 
doing experimental work who need ‘‘one 
of a kind”’ parts or parts in small quan- 
tities for their projects.—Curtis Develop- 
ment & Manufacturing Co.,1 N. Crawford 
Ave., Chicago 24, Illinois. ; 


Television Capacitor 


_Type T-115 television capacitor is pro- 
vided with three high-voltage bakelite- 
cone-insulated screw terminals, all sec- 
tions being enclosed in one case. 


The capacitor is impregnated and filled 
with Dykanol and hermetically sealed in 
a metal housing. Universal mounting 
brackets provide common connection be- 
tween capacitor elements and chassis. 
This class of capacitor is available in a 
wide capacity range.—Cornell-Dubilter 
Electric Corp., South Plainfield, New 
Jersey. 


Switch 


Rotary selector switches for applica- 
tions where a large number of contact 
points with multiple decks are required. 
These switches are available in up to 32 
positions with 10 decks, and are rated 
5 amp at 120 volts, make and break. 


They are made in shorting and non- 
shorting types, with or without water- 
tight shaft construction, and are suitable 
for low or high current and low- or high- 
impedance circuits. Breakdown voltage 
between terminals or between terminals 
and ground is over 2500 volts. Contacts 
are made through 0.004-in. thickness of 
rolled-on. silver at contact surface.— 
United States Instrument Corp., 109 
Broad St., Summit, N. J. 
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Limit-switch 


A new 12-gang open-blade switch is 
offered in a single unit, permanently 
fastened together with countersunk rivets 
for flush mounting. The switch is avail- 
able with normally open, normally closed, 
or double-throw circuit on any pole or 
combination of poles, and is engineered 


for cam or plunger operation. Both the 
centerblade and rolling spring are made 
of heat-treated beryllium copper, for long 
life. All other parts are cadmium plated. 
—The Arco Electric Co., 1424 Superior 
Ave., Cleveland 14, Ohio. ; 


Filter 


A new bridged-T hum filter cancels 


60 cycles and is designed for high-imped- | 


ance instruments such as oscillographs. 
With this filter inserted at the input 
terminals, stray hum pickup is elimi- 
nated, even though open leads are used. 
Matching transformers are unnecessary 
and there is a common ground from input 
to output. The filter is factory-balanced 
by selection of fixed resistors and con- 
densers.—Kalbfell Laboratories, Inc., 1076 
Morena Blvd., San Diego 10, Calif. 


Heat-transfer Unit 


A new heavy-duty heat-transfer unit 
designated as Model No. 20 has been 
developed for use with radio, television, 
radar, short-wave communication, and 
high-frequency power tubes; induction 
heating units; and laboratory testing 
apparatus. 


The heat generated by the tube or 
condenser is dissipated by circulating a 
cooling liquid through the system. The 
absorbed heat is then discharged into the 
air by means of a radiator and fan. This 
assures uniform temperature control and 
eliminates the inconvenience and expense 
of using tap water as a cooling agent. 
The unit is equipped with a six-bank 
reverse-flow radiator, two even-flow cool- 
ing fans, two centrifugal pumps, large 
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reservoir, thermostat, pressure switch, 
and necessary fittings. The unit is 
powered with two /4-hp 3450-rpm heavy- 
duty ball-bearing induction-type motors. 
—Eastern Industries, Inc., New Haven 6, 


Conn. 


Hammer 


The Kant-Mar hammer is equipped 
with tips made of a precision-turned 
special aluminum alloy called Velv-Alum, 
a new material sufficiently tough for jobs 
in garages, machine shops, and foundries, 
yet soft enough to prevent marring the 
delicate surfaces encountered in the tool 
room on dies, etc. 


The handle is of high-grade hickory. 
Two sizes, 8 and 382 oz, for light and 
heavy duty respectively, are both avail- 
able with either replaceable and non- 
replaceable tips.—Schmidgall Products, 
307-11 Cass Street, Peoria 2, Illinots. 


Photo Marker 


A device designated Foto-Marker for 
printing identifying numbers, projected 
from a mechanical counter, on photo- 
graphic materials. In a 14-in. by 1-in. 
space the unit prints white numbers 
centered on a dark background. A 
mechanical lever is provided for advanc- 
ing the counter one digit between ex- 
posures; it is reversible and has a range 
of 0 to 99999. 


The housing is an aluminum casting, 
finished in bright red enamel, chosen be- 
cause it will be seen easily under the 
dark-room safelight. The unit operates on 
a 115-volt a-c or d-c circuit. The power 
requirement is virtually zero for the 
6-watt lamp lights only momentarily.— 
Millen Manufacturing Division, Box 3911, 
Detroit 27, Michigan. 


Drilling Machine 


A new high-speed drilling and tapping 
machine, Model C-20, is designed as a pre- 
cision tool. Its sturdy construction and 
2-hp motor furnish ample power to drill 
144-in. holes in mild steel. Selection of 
geared power feeds is made simply by turn- 
ing a knob. Speeds are changed quickly by 
a positive release lever. The eight spindle 
speeds available are: in back gear, 65, 95, 
150, and 225 rpm; in direct drive, 400, 
575, 900, and 1360 rpm. Feeds are 0.003 
in., 0.006 in., and 0.010 in.—Szbley 
Machine & Foundry Corp., South Bene, 
Indiana, 
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“vere” TACHOMETERS 


REED 


SOT 


indicator. 


ACCURATE, because the tuned reed is a natural resonant 


@ DEPENDABLE, because permanent calibration is a natural 
characteristic of tuned reeds. 


@ STURDY, because there are no delicate pivots, jewels 


or moving parts. 


aud these... 


EASY-TO-READ vibrating reed-tips 
form a clearly defined pattern 


LITTLE MAINTENANCE is a result of 
simple, sturdy construction. 


LOW INPUT POWER is sufficient to 
actuate the reed comb. 3 


OPERATE IN ANY POSITION with- 
out affecting accuracy. 


1810-G. 


second. To meet special requirements, 


tion write today for Bulletin 1770-G. 


JAMES G. 


. - Operate on the same unique principle as Frahm 
Tachometers except that reed vibration is produced 
types for ranges between 15 and 500 cycles per 


equipped to build instruments for measuring fre- 


quencies as high as 1400 cps. For complete informa- 


ORDINARY ROOM TEMPERATURE 
VARIATIONS HAVE LITTLE EFFECT 
on calibration. 


OPERATE WITHOUT DIRECT CONTACT 
with moving parts under test. 


EASY TO OPERATE . .. may be 
held against or mounted on ma- 
chine. 


Frahm Resonant-Reed Tachometers in round, rectangular and miniature 
types are available in ranges between the limits of 900 and 100,000 
rpm or vpm. Made for permanent mounting on turbines, generators, 
motors, blowers, centrifugal pumps, diesel-electric installations, etc. 
Made also in hand types for a wide variety of uses. Write today for Bulletin 


“FRAHM’” Resonant-Reed FREQUENCY METERS 


electrically instead of by direct mechanical contact. PRAH! 


Available in switchboard, miniature and portable 


SSSR WALES 


we are 


BIDDLE CoO. 


ELECTRICAL & SCIENTIFIC INSTRUMENTS 
1316 ARCH STREET e PHILADELPHIA 7, PENNA, 
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Electronic Recorders—Design, operat- 
ing, and specification data for measuring, 
indicating, recording, and controlling 
functions for electronically operated 
scriber, with principal components illus- 
trated and defined through the use of 
open-cut photographs and line drawings, 
are described in this bulletin entitled 
‘“‘An Electronic Scriber.’’ Eight pages. 


Bulletin C2-1.—Wheelco Instruments Co., 


847 W. Harrison St., Chicago 7, Ill. 


Insulation Testing—New manual for 
insulation-resistance testing of various 
types of electric equipment, with in- 
formation on test leads, effect of capaci- 
tance, operating time, and surface leak- 
age. Separate sections are devoted to 
testing wet apparatus and drying out 
moisture, temperature and humidity, and 
methods of interpreting insulation-resist- 
ance tests. An index is included for quick 
reference. Seventy-six pages. Manual 
21J-16.—James G. Biddle Co., 1816 Arch 
Street, Philadelplia 7, Pa. 


Sound Equipment—Technical data folder 
presents information useful in the design 
of sound equipment, including a table for 
impedance vs. decibel loss, with values 
calculated for impedance mismatch, min- 
imum ‘‘T’’ loss, and bridging pad loss. 
Also included are data on mixer circuits, 
with circuit diagrams and applications. 
Four pages. Entitled “‘Bulletin of Tech- 
nical Information.’’—Daven Co., 191 
Central Ave., Newark, N. J. 


1 to 10,000 ohms. Stand- 
ard tolerance, within 
10 % plus/minus. 


w 


TRADE LITERATURE 


er 


Welding Control—Synchronous controls 
for spot and projection welding with air-, 
fluid-, motor-, and foot-operated resist- 
ance welders are described. A sketch 
indicates mounting arrangement of con- 
trol equipment. Control combinations 
are listed _in chart form. Four pages. 
Bulletin GEA-4699.—A pparatus Dept. 
General Electric Co., Schenectady, N. Y. 


Radio Wire—Electronic and intercom- 
munication wires and cables are listed 
with specifications. Some of the items 
included are radio hook-up wire, multi- 
paired cables, microphone cables, battery 
cable and dynamic-speaker extension 
cable,. and antenna accessories. Four 
pages. Catalog No. 55—Cornish Wire 
Company, Inc., 15 Park Row, New York 
UNG oe 3 

Flow and Liquid-level Control—Many 
instruments and systems for the measure- 
ment, indication, recording, and control 
of flow and liquid level are presented. 
Schematic diagrams, photographs, and 
dimensional drawings illustrating con- 
structional features and principles of 
operation accompany information con- 
cerning such instruments as differential 
flow meters and ratio controllers. Also 
included are general mounting dimen- 
sion diagrams and liquid-level charts. 
Forty-eight pages. Catalog No. 2221.— 
Brown Instrument Co., Wayne and Roberts 
Aves., Philadelphia 44, Pa. 


Power rating: 2 watts 
average. 


*« 


Single tap at center 
can be provided. Tapers 
not practical. 


wv 


300° mechanical rota- 
tion; 280° electrica', 
without switch, 260° with. 


% Clarostat Series 43 wire-wound po- 
tentiometers and rheostats are inter- 
changeable mechanically with composi- 
tion-element Series 37 Clarostat 
controls. Space-savers. Dependable. 
Long-life. Often preferred to larger con- 
trols for resistance values up to 10,000 
ohms linear. Bakelite body with metal 
cap. With or without power switch. 


* Write for Literature... 


CLAROSTAT. MFG. CO., Inc. - 285-7 N. 6th St., Brooklyn, W. ¥. 
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Prevention of Deterioration Abstracts— 
The National Research Council of the 
National Academy of Sciences can now 
offer the Prevention of Detertoration Ab- 
stracts on a yearly subscription basis. 
These abstracts are set up under the 
following headings: Biological agents; 
Electrical and electronic equipment; 
Fungicides and other toxic compounds, 
JAN Deterioration Prevention Commit- 
tee; Lacquers, paints and _ varnishes; 
Leather; Lubricants; Metals; Miscel- 
laneous; Optical instruments and photo- 
graphic equipment; Packaging and stor- 
age; Plastics, resins, rubbers, and waxes; 
Textiles and cordage; Wood and paper. 
Items abstracted include journal articles, 
patents, specifications, unpublished re- 
ports prepared by various Army, Navy, 
and other governmental groups, and un- 
published British, Australian, and Cana- 
dian reports. 

There will be approximately 1500 
pages of the Abstracts per year, with the 
individual Abstracts in loose-leaf form. 
The price, which includes two binders 
and index guides, will be $37.50 per year. 
Two binders are required for one year’s 
subscription. The fiscal year will be from 
July 1 to June 30. The Abstract series 
started April 1946, and back issues may 
be obtained at the regular subscription 
price.—National Research Council of the 
National Academy of Science, Prevention 
of Deterioration Center, Room 204, 2101 
Constitution Avenue, Washington, D. C. 


November, 1947 


(Available books may be purchased through the GENERAL ELECTRIC REVIEW for domestic delivery; none sent on approval.) 


The National Electrical Code Handbook 


Arthur L. Abbott—633 pp. 1947. Mc- 
Graw-Hill Book Co., New York. $4.00. 


The National Electrical Code consti- 
tutes a set of sometimes uncorrelated 
definitions and rules set down often in very 
brief language. Electricians and others who 
have need to refer to the Code may there- 
fore welcome this 1947 edition of the Ab- 
bott Handbook, which is based on the 1947 
edition of the National Electrical Code. 

The book has grouped the Code into six 
fundamental divisions: Part 1, Defini- 
tions; Part 2, Approved Types of Wiring; 
Part 3, Installation of Materials and Ap- 
paratus; Part 4, General Requirements for 


Wiring Installations; Part 5, Special In- 


stallations; and Part 6, Construction of 
Materials. This grouping, together with a 
comprehensive set of indexes, make it easy 
to locate desired rules or definitions. 

The generous number of photographs, 
sketches, and wiring diagrams with which 
the book is furnished illustrate the differ- 
ent rules clearly. BE; SILLS 


Radar System Engineering. 
Volume I—Radiation Laboratory Series. 


Louis N. Ridenour, editor—735 pp. 1947. 
McGraw-Hill Book Company, New York. 
$7.90. 


This book is Volume I in the M.I.T. 
Radiation Laboratory Series of 28 vol- 
umes, which series is intended to describe 
the vast amount of research, develop- 
ment, and engineering work of the 
thousands of scientists, engineers, and 
others in the field of radar, particularly 
pulsed radar in the microwave region. 

Although the majority of the books of 
the series are planned to cover detailed 
microwave theory and techniques, three 
of the volumes are concerned with sys- 
tems allied to radar: the Loran hyper- 
bolic navigational system, the use of 
radar in navigation, and the design of 
radar beacons. The volume under pres- 
ent consideration is the only one that 
deals with radar itself. 

In evolving this general treatise and 
reference book on the principles of design 
of radar systems, Dr. Ridenour has 
succeeded in co-ordinating, without 
noticeable duplication, the contributions 
of the numerous authors on closely 
related topics. The book i8 divided quite 
logically into three broad classifications: 
an introduction to the field of radar (in- 
cluding a brief historical background) 
and general considerations of the prob- 
lems of system design; the essential 
design considerations for the various 
important components; and two rather 


- detailed examples of actual system design 


and performance. The last two chapters, 
which concern the relatively. new and 
important techniques of moving target 
indication and the transmission of radar 
display information to a remote indi- 
cator, although not fundamental to the 
main purpose of the text, serve to round 
out the picture of the radar art and to 
enhance the value of the book. 

It is anticipated by the reviewer that 
this series of books will serve for many 
years as the basic treatise on the micro- 
wave art. This book, the first of the series, 
is an important reference work for any- 
one working in the field of radar. 

L. M. LEEDS 
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Tables of Integrals and Other Mathe- 
matical Data 


H. B. Dwight—250 pp. 1947. The Mac- 
millan Co., New York. $2.50. 


Primarily this book is a table of in- 
tegrals, since more than half of its 250 
pages is devoted to a tabulation of 
integrals. In addition, there are included 
smaller tables of derivatives and trig- 
onometric functions, logarithms, elliptic 
integrals, conversion factors, etc. In- 
cluded also is a useful list of 62 references, 
some of which give derivations while others 
supply further and more complete data. 

C. CONCORDIA 


Atomics for the Millions. 


M. L. Eidinoff and H. Ruchlis—281 pp. 
1947. Whittlesey House, New York. $3.50. 


In the two years which have elapsed 
since the world was suddenly introduced 
to the atom and the vast amounts of 
energy stored in its nucleus, many books 
have appeared which attempt to acquaint 
the layman with the basic principles and 
methods involved in the release of atomic 
energy. Atomics for the Mullions is the 
best book of this type to have come to 
this reviewer's attention. 

The book is written in simple, non- 
technical language and contains a pro- 
fusion of clever illustrations which en- 
hance the interest as well as the clarity of 
the textual. matter. Frequent use of 
analogies helps to ‘“‘put across’’ concepts 
which might otherwise be too abstract 
for many readers. 

The subject is developed by a historical 
approach, tracing the development of 
present-day knowledge; in this way the 
reader is given background for discus- 
sions in later sections of the practical 
release of atomic energy. Part I outlines 
the early speculations and observations 
which led Dalton to the atomic theory, 
early experiments on electricity and 
electrolysis, the discovery of the electron 
and the proton. Part II traces the dis- 
covery of radioactivity, Rutherford’s 
experiments leading to Bohr’s nuclear 
atom model, the development of ac- 
celerators for nuclear bombardment, nu- 
clear transmutations, the Einstein mass- 
energy relation, the discovery of the 
neutron and positron and ° artificial 
radioactivityses Part; 1iL. describes: the 
work which culminated in the discovery 
of nuclear fission and the subsequent 
work leading to development of chain 
reacting piles and the atomic bomb. The 
final part deals with present and future 
prospects and problems in the applica- 
tion of atomic energy to power genera- 
tion, tracer studies, medical research and 
therapy, and other applications, some 
more or less fantastic, which may or may 
not be made in the more remote future. 
The book closes with the grim reminder 
that along with the promise of many 
blessings, atomic energy brings to civili- 
zation a sinister threat of destruction. 

Dr. GEORGE C. BALDWIN 


CORRECTION 


In the review of the book TJ me, 
Knowledge and the Nebulae by Martin 
Johnson (Dover Book Publishers, Inc.), 
which appeared on page 59 of our Sep- 
tember 1947 issue, the price should have 


been listed as $2.75 instead of $2.15.—Ep. 
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Electronic Engineering Master Index— 
1946. 

Edited by Frank A. Petraglia—202 pp., 
1947. Electronics Research Publishing 
Company, New York. $17.50. 

This volume of references is a first 
annual supplement to a similar publication 
covering the period from January, 1925, 
through June, 1945. The current edition 
extends the coverage through December, 
1946. To list the articles published during 
this relatively brief period of 18 months 
requires nearly 200 pages, which clearly 
indicates the activity in this field. 

In comparison with the first volume, 
this one has two new sections, one listing 
books and the other selected items of 
trade literature, both of course on some 
phase of the subject of electronics. 

The references (totaling about 7500) 
are grouped under main and subhead- 
ings. There are several hundred such sub- 
groups. For instance, there are 15 groups 
under the main classification of ‘‘ Ampli- 
fiers’? and 11 under ‘‘ Oscillators.’ 

Electronics, as we define it today, is no 
longer a science having a definitely de- 
fined and limited field. More and more 
the electron tube, in its many forms, is 
becoming a universal tool or item in elec- 
trical engineering, like a transformer or 
relay. Therefore, the time will come when 
it is not going to be necessary or practical 
to have a specialized book of this sort. 
Until that time comes, however, this 
publication will be helpful to workers in 
this activity. W. C. WHITE 


AVAILABLE 
FOR 

MMEDIATE 

DELIVERY 


There are more than a 
million relays in our 


huge stock! We have : af. 

hundreds of types and ratings in quantities adequate 
for production runs. These relays are brand new 
equipment and manufactured by leading makers to 
rigid Government specifications. Each relay is in- 
spected, individually packaged and fully guaranteed. 
Prices are well below the market. Write or wire for 
special Relay Catalog or send 

your requirement. 


Manufacturers 
and Distributors 


Wells maintains one of the 
world’s largest inventories 
of highest quality-radio-elec- 
tronic components. Our new 
catalog, now ready, will be 
mailed upon request. 


WELLS 


SALES. INC. | 


320 N. La Salle St., Dept. $ 
Chicago 10, I!inois 


LIERARY NOTES 


ON ARTICLES IN OTHER TECHNICAL JOURNALS 


AIR FLOW 
Convection Velocities and Their Measurement. 


Leslie Silverman—Heat. & Vent., June, 
1947; v. 44, pp. 84-92. 

The laws governing convection currents 
in both confined and unconfined spaces 
are formulated and means of velocity 
measurement described. 


ALLOYS 


- Economic Aspects in the Use of Aluminum and Mag- 
nesium Alloys. 


L. W. Eastwood— Mat. & Methods, June, 
1947; v. 25, pp. 63-68. 

The many favorable characteristics of 
the light metals which make their use 
desirable must be balanced against a 
somewhat higher cost of fabrication. 


ALLOYS, MAGNETIC 
Modern Magnetic Materials. 


H. E.. Finke— Mai. 
1947; v. 25, pp. 72-76. 

Considers the properties and applica- 
tions of the alnicos, ,cunico, cunife, 
vectolite, and silmanal. 


& Methods, June, 


ANNEALING 
New Method of Coil Annealing. 


H. H. Armstrong and F. F. Schlitt—TJron 
& St. Engr., June, 1947; v. 24, pp. 35-43. 
Edge heating of coils, because of the 
better rate of heat transfer, provides a 
means of economically annealing the ever 
larger coils which are now being rolled. 


CASE HARDENING 


Deformation of Machine Steel Rings during Case 
Hardening. 


J. E. Erb—NSteel Processing, June, 1947; 
v. 33, pp. 347-349, 368-369. 

Presents results of experimental in- 
vestigations. 


COOLING TOWERS 


Evaluating Performance of the Mechanical Draft 
Cooling Tower. 


James G. DeFlon—Heat. & Vent., June, 
1947; v. 44, pp. 73-77. 

The various factors that influence per- 
formance of forced- and induced-draft 
cooling towers. Data, curves, and illus- 
trative problems for estimating perform- 
ance are included. 


CORROSION-RESISTING MATERIALS 


Nature and Mechanism of Passivity of 18-88 Stainless 
Steel. 


M. ‘G?*Fontana and F..H: Beck— Metal 


Prog., June, 1947; v. 51, pp. 939-944. 
The first report from the research pro- 
gram on the fundamentals of corrosion 
sponsored by the Office of Naval Re- 
search at the Ohio State University. 


CYCLOTRONS 


Battleship Technique Used in New Atom Cyclotron 
Part. 

P. D. Aird—Modern Ind. ‘‘ Press,” Aug., 
1947; v. 9, pp. 18-14, 16. 

An illustrated account of the manu- 
facture of steel forgings to be used as 
components of the magnet in a cyclotron 
for the University of Rochester. 


DIELECTRIC PHENOMENA 


Dielectric and Piezoelectric Properties of Barium 
Titanate. 


Shepard Roberts—Phys. Rev., June 15, 
1947; v. 71, pp. 890-895. 
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ELECTRIC CABLES, OIL-FILLED 


Pressure and Oil Flow in Oil-filled Cables at Load 

Variations. 

Hans Lottrup Knudsen—Jour. App. 

Physics, June, 1947; v. 18, pp. 545-562. 
A theoretical paper, with numerous 


graphs and formulas for use in makin 
calculations. 


ELECTRIC CIRCUITS 


Equivalent Circuit of the Primitive Rotating Machine 
with Asymmetrical Stator and Rotor. 


Gabriel Kron—AJIEE Proc. P78, 1947. 
Seven pages. 


ELECTRIC CONTROL SYSTEMS, ELECTRONIC 

Robot for Register. 

John W. Ludwig—Modern Packaging, 
June, 1947; v. 20, pp. 150-152. 

A mechanical brain that anticipates 
error and holds high-speed multicolor 
printing within 0.001-in. limits. 

ELECTRIC DRIVE—STEEL MILLS 
Speed Stability of Motors for Continuous Mills. 
F. E. Crever and T. M. Linville—Iron & 


St. Engr., June, 1947; v. 24, pp. 50-60. 


Methods of minimizing speed changes 
resulting from torque variations imposed 
on steel-mill motors. . 


ELECTRIC HEATING, INDUCTION 
Induction Hardens Tricky Machine-tool Parts. 
L. J. Sheehan—Am. Mach., July 3, 1947; 
v. 91, pp. 89-92. 

Initial applications result in rerouting 
of more than 175 standard jobs. Solu- 
tions of special problems. 


ELECTRIC LIGHTING 
How to Budget Industrial Lighting Costs. 
J. C. Forbes: and J. L. Tugman—Sieel, 


June 28, 1947; v. 120, pp. 102-105, 
135-136. 


Methods of Fluorescent Lighting Maintenance in Large 
Plants. 

Harris Reinhardt—Elec. News & Engng., 
June 15, 1947; v. 56, pp. 112-115. 


Recommended Practice of Office Lighting; a Report 
of the Office Lighting Committee of the Illuminating 
Engineering Society. 

Illum. Engng., July, 1947; v. 42, pp. 
673-715. 


ELECTRIC MOTORS—SPEED CONTROL 
Controlling Machine-tool Speeds by Electronics. 
. L. Bauer—Mill & Factory, June, 
1947; v. 40, pp. 101-108. 
Explains the functioning of Thy-mo-trol 
drive for machine tools. 


ELECTRON TUBES 
Triodes for 3- and 10-kilowatt Frequency-modulated 
Transmitters. 


P: I. Corbell, Jr. and H. R. Jacobus— 
Elec. Commun., June, 1947; v. 24, pp. 
187-191. 


ELECTRON TUBES—RECTIFIERS 


Rating of Small- and Medium-power Thermionic 


Rectifiers. 

H. T. Ramsay—J.E.E. Jour., Pt. III, 
July, 1947; v. 94, pp. 260-274. 
ELECTRONICS 

Industrial Applications of Electronic Techniques. 


H. A. Thomas—I.E.E. Jour., Pt. I, July, 
1947; v. 94, pp. 309-338. 
Bibliography of 81 items. 
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ELECTROPLATING 
Automatic Conveyors for Electroplating. 


Adolph Bregman—Iron Age, June 19, 
1947; v. 159, pp. 68-74. 


ELEVATORS, ELECTRIC 
Elevators Designed for Industrial Truck Loading. 


Flow, July, 1947; v. 2, pp. 24-26. 

Suggests elements to be considered in 
the design of factory elevators for con- 
veyance of industrial trucks. 


FURNACES, METALLURGICAL 
Measurement of Heating Rates in Reheating Furnaces: 


J. W. Percy—Iron &. St. Engr., July, 


(1947; v. 24, pp. 65-75. 


Describes the apparatus and method 
developed for observing slab tempera- 
tures during heating, thus providing 
definite information and data on actual 
operation of the reheating furnace. 


GAS MANUFACTURE AND WORKS 
Oxygen Gasification of Anthracite. 


C. C. Wright and L. L. Newman—Chem. 
Engng., June, 1947; v. 54, pp. 114-115. 
Recent investigation adds anthracite to 
the list of solid fuels suitable for gasifi- 
cation with pure oxygen and steam. 


GAS TURBINES 
British High Temperature Steels for Gas Turbines. 


@. Cyril Hall—Steel, June 23; 1947;-v. 
120, pp. 101, 132. 


GLASS 


Analysis of Low-reflection Coatings as Applied to 
Glass. | 


W. P. Strickland—Soc. 
Engrs. Jour., July, 1947; v. 49, pp. 27-36. 

A review of various coatings for use on 
lenses. 


GROUNDING 


Why and How of Resonant Neutral Grounding— 
Part I. 


Eric T. B. Gross—Elec. Lt. & Pr., July, 
1947; v. 25, pp. 50-53. 

This comprehensive analysis of Peter- 
sen coil grounding is intended as a 
reference text for the younger utility 
engineers; it may also serve as a refresher 
course for old timers in the field of 
ground-fault-neutralizer application. 


INSULATION—TESTING 
Dielectric Properties of Cellulose Insulation Impreg- 
nated with Semiconducting Liquids. 
FP. M. Clark—AJIEE Proc. 
9 pp. 


JET PROPULSION 

Mounting Jet Engines. 

J. C. Beuchel—Aviation Week, Aug. 4, 
1947; v. 47, pp. 24, 27. 

_ Basic design considerations for proper 
installation of new-type power plants 
show versatile arrangements possible. 


P79, 1947; 


LUBRICATION AND LUBRICANTS 
Additives in Lubricating Greases. 


Gus Kaufman—Lwubrication Engng., May- 
June, 1947; v. 3, pp. 55-61. 

_ Some of the properties which may be 
improved by the use of additives in 
Sreases are: load-carrying ability; greater 
resistance to Oxidation, heat, water, and 


£0rrosion; better worked consistency; and 


in wOovement in rust prevention. 
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Justification of Lubrication Engineering to Manage- 
ment. 


C. L. Pope—Lubrication Engng., May- 
June, 1947; v. 3, pp. 49-52. 


MACHINE DESIGN 
Design of Flanged Joints. 


S. Labrow—I.M.E. Jour. & Proc., June, 
1947; v. 156, pp. 66-73 (Proc.). 


MACHINE SHOP PRACTICE 
Honing for Precision Stock Removal. 


A. C. Leuchtman—Prod. Engng. & Man., 
June, 1947; v. 19, pp. 60-64. 

Includes consideration of its use on 
nonferrous and nonmetallic materials. 


MACHINE TOOLS 
Tone Stylus Provides Precise Duplicating. 


H. L. Seekins—Am. Mach., June 19, 
1947; v. 91, pp. 109-111. 

‘Applied tension on the stylus, when 
converted to sound by a signal device, 
allows operators to mill thin contour 
sections rapidly and within close limits. 


MEASURING INSTRUMENTS—ELECTRICAL 
QUANTITIES 


The Capacitative Commutatfor. 


S. A. Scherbatskoy and others—Rev. of 
Sct. Instr., June, 1947; v. 18, pp. 415-421. 

The design and construction of a 
vibrating-capacitor-type electrometer is 
described. Experimental data are pre- 
sented to show that this electrometer 
reaches, within a small factor, the 


theoretical limit of sensitivity. 


PHYSICS, NUCLEAR 
Nuclear Physics and the Future. 
M.-L... Oliphant—/. EBs Jour. 


July, 1947; v. 94, pp. 304-308. 
The ‘37th Kelvin Lecture.” 


Pt..ul, 


PLASTICS 

Franklin Plastics Combines Molding Versatility with 
Unusual Plant Features. | 
Walter Rudolph— Modern Ind. ‘‘ Press,” 
Aug., 1947; v. 9, pp. 36, 38, 40, 42. 


RADIO COMMUNICATION 

Mobile Frequency-modulation 30-44 Megacycle 
Equipment. 

R. B. Hoffman and E. W. Markow— 
Elec. Commun., June, 1947; v. 24, pp. 
170-178. . 


SERVOMECHANISMS 
Application of Lead Networks and Sinusoidal Analysis 
to Automatic Control Systems. 
George J. Schwartz—AIEE Proc. P77, 
1947; 9 pp. = 

Design considerations relating to the 
construction of a high-performance servo- 
mechanism. 


SHAFT SEALS 
Frictional Properties of Oil-seal Materials. 


P, G. Forrester—Engng., Aug. 8, 1947; 
v. 164, pp. 121-124. 


SPECIFICATIONS 
Can You Specify What You Want? 


R. H. Emerick— Power, July, 1947; v. 91, 


pp. 467-469, 506a, 506b. 
How to write specifications, giving 
wording of important paragraphs. 


One-line Diagrams—Shorthand for Specification 
Writing. 
Clarence Dey—BElec. Lit. & Pr., July, 


1947; v. 25, pp. 64-66, 68. 
One-line diagram, using standard sym. 
bols and function ntumbers, tak: he 
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place of thousands of words in preparing 
specifications for power switching equip- 
ment, and at the same time afford a 
degree of precision difficult to attain in a 
word description. 


Specifications—Their Use and Misuse. 


Melville Ehrlich—Lubrication Engng., 
May-June, 1947; v. 3, pp. 62-64. 

Brand names, says the author, are not a 
completely sufficient basis for purchase 
of lubricants, because factors other than 
the performance of the lubricant become 
involved and because the specifications 
of a branded product may be changed. 


STANDARDS—SYMBOLS 
Standard Symbols for Chemical Engineers. 
J. H. Perry—Chem. Engng., June, 1947; 
v. 54, pp. 112-113. 

Presents ASA Standard Z10.12—1946, 
on ‘‘Chemical Engineering Notation,” 
together with comments. 


STEAM TURBINES, MARINE 


Steam Turbines for Main Propulsion of High-powered 
Combatant Ship. 
G. B. Warren— Mar. Engng., June, 1947; 
v. 52, pp. 76-81. 

Abstract of a paper before the Society of 
Naval Architects & Marine Engineers. 


STRAINS AND STRESSES 


Principal Stress Method of Stress Analysis. 


H. B. Maris—Franklin Inst. Jour., July, 
1947; v. 244, pp. 27-62. 


‘STREET LIGHTING 


Design of Municipal Street Lighting Systems. 


R. M. Love—Elec. News & Engng., June 
15, 1947; v. 56, pp. 116-119, 190-191. 
Data compiled from I.E.S. ‘‘Recom- 
mended Practices’’ applied to typical 
installations. 


SURFACE FINISH 
How to Measure Surface Roughness of Castings. 


G. Hobman—Am. Mach., July 3, 1947; 
v. 91, pp. 94-95. 

After study of various devices for 
measuring surface roughness, a simple 
instrument was devised for application 
to castings. 


WELDING 


Effect of Welding on Ductility and Notch Sensitivity of 
Some Ship Steels. 


R. D. Stout and others—Weld. Jour., 
June, 1947; v. 26, pp. 335s-357s. 


Effect of Welding Technique ‘on Brittle Transition 
Temperature. 

Nicholas Grossman and Paul R. Shepler 
—Weld. Jour., June, 1947; v. 26, pp. 
321s-332s. ; 


WELDING, PRESSURE 


Solid Phase Pressure Welding Offers Production Cost 
Savings. 

Prod. Engng & Man., June, 1947; v. 19, 
pp. 75-76. 

This report on a Linde process de- 
velops the potential saving in the pro- 
duction welding of tube ends and similar 
parts by mechanization. 


X-RAYS 

Simple Technique for the x-ray Determination of 
Fiber-axes in Electro-deposited Metals. 

M.R. J. Wyllie—Rev. of Sci. Insir., June, 
1947; v. 18, pp. 425-429. 

The construction of a special camera 
designed for the determination of orienta- 
tion in electro-deposited metals is de- 
scribed. : 


X-ray Diffraction Camera for Microtechniques. 


Frank G. Chesley—Rev. of Sci. Instr., 
June, 1947; v. 18, pp. 422-424. 3 


GENERAL ELECTRIC REVIEW 


Indispensable 


for engineers working with 


control equipment 


MAGNETIC 
CONTROL 


of 


INDUSTRIAL 
MOTORS 


By GERHART W. HEUMANN 


Administrative Assistant, Control En- 
gineering Division, General Electric 
Company. 


This book is designed to aid in under- 
standing the application of controllers to 


industrial motors. It presents a clear, 


comprehensive treatment of the charac- 
teristics of control devices, the function 
of commonly used control circuits, and 
what. performance can be expected of 
various types of motors. . 

MAGNETIC CONTROL OF INDUS- 
TRIAL MOTORS is written in easily 
understood language, with a minimum of 
mathematics. The basic material is well- 
arranged and presented, with clear, con- 
cise explanations, and a wealth of cuts 
and circuit diagrams. Among the topics 
discussed are: complete controllers of va- 
tious frequently used designs, external 
motor characteristics, rating and selection 
of control devices, basic magnetic devices 
such as contactors and relays for direct 
and alternating-current, manual versus 
magnetic control, basic amplidyne control 
circuits, electronic control devices, main- 
tenance of control equipment, and funda- 
mentals of motor performance and circuit 
layout. : 


Nov. 1947 Approx. 593 pages Prob. Price $7.50 


FREE EXAMINATION COUPON 


JOHN WILEY & SONS, INC. 
AAO Fourth Ave., New York 16, N. Y. | 


Please send me, for ten days’ FREE 
EXAMINATION, a copy of Heumann’s 
MAGNETIC CONTROL OF INDUSTRIAL 
MOTORS. If | desire to keep the book, 
| will remit price plus postage; other- 
wise | will return the book postpaid. 
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Soot Blowing with Compressed Air, par- 
ticularly automatic blowing, assures system- 
atic operation... thorough cleaning due to air 
density . . . reduces boiler-tube corrosion and 
blower maintenance...reduces stack-dis- 


charge nuisance...saves feed-water make-up 
...saves fuel...saves labor... eliminates 
steam-pipe insulation to blowers. No matter 
whether for central station, industrial-power, 
heating, or marine service, your boiler tubes 
deserve not only the dest “dusting” you can 
give them, but also the most economical. The 
answer in your case may be Air Power. 
Soot Blowing Compressors generally 
operate at higher pressures than stand- 
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ard and should be engineered to your par- 
ticular installation. For the most-economical 


soot-blowing operation Ingersoll-Rand can. 


furnish the correct type. 

The I-R trademark on a compressor stands 
for 75 years of pioneering and development 
in the compressed-air industry, and for com- 
pressors that are dependable, efficient, dura- 
ble and easy to maintain. It’s your assurance 
of a compressor that is properly built and 
correctly applied for satisfactory long-life 
service. Let us help in your planning. 
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Already design engineers have utilized the SB-1 for over 
10,000 circuit-sequence combinations on low-capacity cir- 
cuits up to 20 amperes at 600 volts a-c or d-c. 


A few of the many applications include control switching of 
machine tools, solenoids, motors, circuit breakers, and elec- 
tronic apparatus; and the transfer switching of meters and 
instruments. 


For example, the SB-1 is exceptionally suitable for cur- 
rent-transfer applications because of its high current-carry- 
ing capacity. Also, design engineers have found the 
“overlapping sequence” and ‘‘make-before-break”’ 
features particularly desirable. 


‘It’s easy to select and order the SB-1 switch to solve your 
particular application problem... 


WRITE YOUR OWN TICKET... 


HANDLES A variety of attractive switch handles in fixed 
pistol grip, oval, radial, round, and knobbed styles as well 
as removable oval handles and key locks are available. 
Choose the handle you desire and specify the engraving on 
the escutcheon plate. 


HOUSINGS SB-1 switches are available with water- 
tight, dust-tight, oil-immersed, fabricated-metal, or explo- 
sion-proof housings. Select the housing that fits your 
installation problem. 


CONTACTS Determine the contact sequence from your 
circuit and check them off on a contact diagram. (See 
example.) 


Your nearest G-E sales representative will be glad to 
assist you in the proper selection of an SB-1 control and 
transfer switch to solve your particular circuit-sequence 
problem. Also, ask him for a copy of GEA-4746 which gives 
additional information about the all-purpose SB-1, or write 
to Apparatus Dept., General Electric, Schenectady 5, N. Y. 


— 


Approximately 
one-half 
actual size. 


Here’s the circuit—An ammeter transfer switch. Contacts of the all-pur- 
pose SB-1 are shown within the colored rectangle 


Contacts 
handle end 


This: contact diagram provided an easy way to specify the exact circuit- 
sequence combination needed for the above application 


SB-1’s—neat, compact, matched to the job——on the completed switchgear 
panel for a large central station installation 
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